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with its Theory, and Manner of Uſe ex- 


1 . 


E are now arrived to that Part of 
Natural Philoſophy which treats 

of Vion, and the various Phæ- 
nomena of viſible Objects, by Rays of Light 
reflected from Mirrours, and tranſmitted 


through Lenſes, which conſtitute the Sub- 


Pl. XLII. 
Fig. 6. 


ject of the moſt deli ghtful Science of Or- 
Tics. (CNXV.) | 


(cxxv. i. Optics is divided * Two Parts, 
Mat and DiorrRICs; the former treats of Vi- 
ſon by Light reflected from Mirrours or poliſhed Syr- 
fates, and the latter of Viſion effeQed by Light tranſ- 
mitted through Lenſes. Of theſe Lenſes the ſeveral 
Sorts in Uſe are the Plano-Convex A, the Double- 
Convex B, the Plano-Concave C, the Double-Concave 
D, the Meniſcus E, (which is convex on one Side, and 
concave on the other) and the Hemiſphere F. The 


Line G H, that is perpendicular to and paſſes through 


the Middle of each Lens, is call'd the Aris of the Lens, 


and that Mite Point the Vertex of the VR. * 


„3 


OS . ,) ᷣ ̃ DO Pod ß ĩͤ 
wo 5 


l 


Tux principal Things here to be con- 
ſider d are, Furſt, the Rays of Light ; Se- 


2. As Rays of Light fall on theſe Glaſſes, they are 
variouſly reſſected and refracted, as above deſcribed in 
the Lecture. The Theorems which ſhew the different 
Effects of all theſe Glaſſes in reflecting and refracting 
the Rays of Light, and forming the 12985 of Objects, 
are inveſtigated ſeveral Ways: one of which is by Al- 
-ebra, By this means Dr. Halley has raiſed a general 
Weben extending to all the particlar Caſes of every 
| Kind of Optic-Glaſſes of a ſpherical Form, and which 
I have largely applied and exemplified in my Treatife-of 
tics. | wy $3 es 
* Another Method of doing this is by Fluzionsg 
which is eafy and univerſal, comprehending all the Caſes 
of Mirrours and Lenſes of every Form. This I propoſe 
to exhibit and illuſtrate here for Variety, and for the 
Genuineneſs and Excellency of this Method above all 
others, it depending on Principles that are more of a 
Philoſophical than of a Mathematical Nature, It is as 
fo "| 


cies of a Medium VG HI, V the Vertex, and AI 


Axis A let a Ray of Light A B be incident on the Me- 
| dium in B, which ſuppoſe refraQted to a Point F in the 
Axis. Then, by having given the Diſtance of the ra- 
diating Point A D, and the Sine of Incidence B D, we 
| are to find the focal Diſtance VF after Refraction. 


— 8 
* 


ill 


| Fluxiong we have == 
— —fx+x- 
Vr 


| OL condly. 


Hows. Y e 5 
4. Let VBG be the Section of any curved Superfl. pl. XLII. 
the Axis of the Curve VG. From any Point in Fig · 7. 


Or res. 


| 1 the Glaſſes by which they are reflected 
and refr ated; Thirdly, the Theorems or Lat 


6. But = and & being the Fluxions of che incident 
and refracted Rays, will repreſent their Velocities before 

and after Refra Aion, which Velocities we have ſhewn 
Annot. CXVII. ) are as the Sines of Incidence and Re- 

raction m and n; whce 2 : : M: n. And from the 
Nature of Refraction (above explained) it is manifeſt 
that while the incident Ray increaſes, the refracted Ray 
decreaſes; therefore their Fluxions muſt have contrary 
| Sigris, viz. + 4, and — . Wherefore &: — 
WK 2 e F- —xX 


V —-— Page ig | pag ans ore 
TFT V y + ne 2 f EAI 
2: min | 

7. Now becauſe in thoſe Mi irrours and Lenſes which 
are of common Uſe in Optics we regard only the Fo- 
cus of thoſe Rays which fall very near the Axis, in 
which Caſe. the Arch BV is very ſmall, and — 
VDS = nearly; therefore x x and x x may be re- 
| jeeted, without benſibly the Value of the Ex- 


2 Fdx F — 5 
1 rf, 


. ; N 
| 1 F e a 
8. From which Equation we ſhall find f=FV,'i in 
any Curve V G from the Equation expreſſing its Nature. 
Thus if VG be a CixcrTI, its Equation is 55 27 
Dx KL, (where CB =7r = the Radius) the Fluxion of 
which is „ rr and ſince x0, we have 
12 — 0g yy = = 7X5 3 and, ſubſtituting theſe Values i in the 
| general Equation above, we have z m 88 „ 
Ts. 
. and, dividing by *, „ere EEE 2 
therefore „f- rf dh and thence 
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aa=nd=nr EVE 
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relating to the Formation of the Tmages of 
Objects thereby; ; Fourthly, he NOPE N «a 


9. If the Medium be Glaſs, then m: 1 1 3: 24 


therefore 4 — == =f. And for parallel Rays 4 B, | 


2dr SogadF: :- 


| where dis infinite, we bs FS 3 1 
f=VF. „. where m:n 4: 3, we 


have f= = 1 * and a for papallel ; 


Rays AB. - 
10. This Theorem Gin ** 7. ) may be alſo adapted 
to the ELLIrsis, the Equation of which Curve is yy = 


| . Wa in Fluxions is yy = 2x. 0 and, 


2 Pas 


putting x e, we e have yy = ak 95 = = * which vi- 
| lues dust in the general Equation give 22 85 = 7 


end when dis ane, or the Rays parallel then © 2 2 


7 
VF, the focal Diftance of the Ellipſis V G, a fourth 
Part of the Latus Rectum from the Vertex, for the Sun- - 
Beams. The Expreſſion is alſo the fame for an Hy- 


PERBOLA VG, becauſe only 2== js affected vih 2 


and vaniſhes in that uation alfq. 
11. If VG bea PARABOLA, its Equation is yy= 
px, and in Fluxions 2y93=þp#3 whence, lince x = o, 


5 5 which ſubſtituted as before | 


Do = =fy and in caſs of Elli Ray, or th 


we have 35 N 


Sun re 9 SVE, Bel Focus « or baut Pins of 


the Parabola. l 
. B 3 | | ob 


* 


Or rics. 
fon, and Structure of the Eye; and Fifthly, 
the Structure and Uſe of the principal Oprical 


Pn a 


12. Hence we n that in the Circle v G, * 
Radius C B is equal to half the Latus Rectum of the El- 
lipſis or Parabola, vis. r = p, the Focus will * at 
the ſame Diſtance from the Vertex V, or VF will be 


| 122 347 Ae. 
the ſame in all; nne, er =F in 


all the Curves, and conſequently che Circle Ellipfs, and 

Parabola, have all the ſame Degree of Curvature at the 
. Vertex VI in this Caſe. | 
Iz. When d 2 75 or 4 p- then the focal Dit. 


tance f= = vr becomes infinite; that 


0 
is, if the Radiant Point A be at the Diſtance of the 
Diameter of the Circle, or the Parameter of the Conic 
Section from the Vertex V of the Medium of Glaſs, 
then the Rays will be refracted parallel to the Axis. 
And, vice verſd, parallel Rays will be refracted from a 
: Subſtance of Glaſs by a ſpherical Surface to the Diſtance 
of the Diameter of the Sphere ; or from an elliptical or 
parabolical Surface to the Diſtance of the Latus Reeaum, 
: from the Vertex V0 _ | 
Pl. XLII. 14. After the fame Manner we expreſs the ſeveral 
Fig. 8, Caſes of a Spherical, Elliptical, or Parabolical reſlecting 
Surface V BG, that is, ſuch a one where the incident 
Ray AB is reflected from the Point B inſtead of bei 
refracted; and then ſince the Angle of Incidence A B BE 
is equal to the Angle of Reflection LBK, the Ray K B 
will be ſo reflected from the Point B as if it came From 
1 Point F in the Axis, and therefote that Point F we 
muſt conſider as the Focus of reflected Rays. In this 
fret the Velocities of the incident and reflected Rays are 
ſame, VIZ, z =o, and both n alſo m 1. 
3 Ee „„ Ar 


or, putting & = , yy =0, and y35=r#, or Ap. 
2s above) then this general Th ones —* 
meren, 


| 2 Fr 
=f=VEF, in the Circle; and Dr. in 


| the Ellipfes, Hyperbola, and Parabola. 


15. If 4, or AV, be infinite, 2 in parallel Rays, 
| . ting 
r ＋ 


V F, in the ſpherical convex Mirrour V G; but if the 


| faid Mirrour be Elliptical, Hyperbolical, or Parabelical, 
then HO =1 =f=V F. | But becauſe the Rays 


BK do not actually proceed from the Point F, that 
Point is in this Kind of Mirrours called the V irtuni 
Focus. | I] 
16. If the Radius BC r of the convex Mitrour be 
infinite, the ſpherical Surface VBG will become a Plane, 
viz. a plane Speculum or Looking - Glaſs, as VB G in 
the following Figure; and the Theorem a — == 
=d=f=VF, chat is, „ hea to VE, or the 
incident Ray A B is ſo reflected at B into B K as if it 
came from à Point F, juſt as ſar behind the Glaſs as the 
JJ 86 
15. Furthermore, if 1 = BC be fuppoſed gteater 
than Infinite, or from affirmatiye to become negative, 


| theCentre C will then lie on the contrary Side, the Spe- 


culum VBG will become concave, and in the Theo- 
rem above, r muſt laye a negative Sign, which then will 


— 4 4 


be —— =f= VF, which ſhews that in concave 


24 —r © 


or the Sun-Beams, then ——=— . = 


* 


F Ig. 10, 


Mirrours, when & is leſs than 3 7, that is, when AV is 
leſs than 10 V, "the Focus F wilt be affirmative, or on 
the lune Side as before ; or the Ray A B will be ſd re- 
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Orie s +2 
Di verging Rays. Parallel Rays are ſach as 
in bei Progreſs keep, always an equal Diff 


flefed at B into BK as if it came from a Paint F bee 
hind the Speculum. - | 

18. When d=2r, or AV =; CV, then is the 
Focus F at an infinite Diſtance, the Theorem then being 
—47 =f; fo chat in this Caſe all the Rays A B will 


- | VC 
be reflected parallel to the Axis, as BK. But when 4 
is greater than 3 r. then the Focus F will be negative, 
or it will be 7 2 =>f. Wherefore in this Caſe f 
the Focus F will be on the ſame Side with the Radi- 1 
anc e . 5 9 
109. Laſtly, when 4 r, then alſo F r; that is, 
if the Radiant A be placed in the Centre C, the Focus 
F will be there too; or, in other Words, Rays pro- 
ceeding from the Centre will be reflected back upon them: 
ſelves. | 3 
20. On the contrary, (in all theſe Caſes) converging | 
Rays K B are reflected to a Point in the Axis leſs dif- © 
tant than 3 CV, or half the Radius. Parallel Rays * 
- KB are reflected to that Point F of the Axis where FV 
A2 CV. This will therefore be the Burning Point if | 
the Sun's Rays, and is the Sglar Focus above mentioned. 
Diverging Rays have their Focus at a Diſtance from the 
Vertex V, greater than half the Radius CV. 8 
21. If V BG be an Ellipſis, Hyperbola, or Para- 
bola, the Theorem is found in the ſame Manner to be 
2 4p 5 , | | : 3 
247 =, in concave Speculums of this Sort; and 


all that has been ſaid with reſpect to d and * r in tbe 
ſpherical Speculums, is true of d and * pin theſe. Thus 
when d = z p, the Rays will be reflected parallel to the * 
Axis; and on the other hand, parallel Rays will be re- 
flected to a Point in the Axis whoſe: Diſtance from the 
Vertex V is 4 p. Thus the Sun's Rays are collected at 
the Diſtance of one Fourth Part of the Parameter (in 
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tance from each other, as KB DC; ſue - 
as are the dan s Rays, in their natural 8 tate, 7 5 * . 


each Section) Ws * Vertex; 3 and as this 5 is the Burn- 

ing Point, we ſee the 3 of its being called the 

Focus of thoſe Curves. 

22. As within the Curve of an n Ellipſis VGH there Plate 

are two of thoſe Focus's, tis obſervable, that if the Ra- XIIII. 

diant A be in one Focus, the Rays will be reflected to Fiz. 1. 

the other at F, wherever the Point B be taken in the 

Perimeter of the Ellipſe. For in this Caſe Vo = @, 1 

A vx, AP=y=2p, oe PP =2) AV==d=ea 

| =, and FVS Aw = =— x; therefore writing 

a — K*, and — 4 for d and — p in the Equation above, x 

Sx—pe _ 

| . T e 
xx=þ a, or AX - x. FLY which is the known 

Property. of the Ellipſis. 

23. And the ſame thing holds with reſpect to the 
Foci of the two oppoſite Hyperbola's VB and vb; for 4 
if the Radiant be in the Focus A of one, any Ray „ 
will be ſo reflected into B K, as if it came from the ie 2.7 1 
Focus F of the oppoſite Hyperbola vs, as is evident in . 

the Figure. In the Parabola VB G, if the Radiant be 
placed in the Focus A, the reflected Rays B K, tend Fig 
to the other Focus at an infinite Diſtance, will f 3˙ 
parallel to the Axis V C,  agrecabje to what is | faid 
'above, Article 21. 


24. If we reſolve. the E quation = = into 


an Analogy. we ſhall diſcover that the Axis of the Mie- 

rour is divided barmonically i in the Points V, F, C, and . 
A; or that it is AV: AC:: VF: FC. For ſuppoſ- : | A 
ing i it to be ſo, we have 4: 788 „n F: T=. * (| 3 


| 12 1s the above Theorems ——— IJ > = =: in the con 


. 


| we ſhall hae = —, and fo 4ax —4 


EL gt In 1 
> 


yex Sperulum and = =f; inthe Concaye. This 
8 with 


Plate 
III. 


Fig. 4. 


7 E neglofted, and then fa; — 


: with þ rept to "Senſe, * . nor 


curious Property of Sis was firſt — by 
* late Mr. Ditton. 


We now proceed to apply this Method to Di- 
tri «bletns, that is, to find the Focus of Rays refrac- . 
ted through any Sort of Lenſes. To this End we muſt 
recollect, that in Article 8. we had 6 £2 ly" = rf 


＋* af} whence Gang Ws other Equation — — L 


* AL X LE which in Words is thus expreſs'd; 


The Ratio of the Sine of Incidence to the Sine of . Refrac= 


tion is coripeunded of the Ratio of the Diſtances of the 


Foci A and F from the Centre C, nn. . 
Diftances from the Vertex V. 


26. If then we conſider Bb (in the double convex 
Lens VD) as a converging Ray refracted from Glafs 


into Air, we ſhall find the Diſtance vf, at which the 


reſracted Ray bf ſhall interſect the Axis'ofthe Lens, by 
the Rule in 1 25. Only here we muſt © 
that the Point A will be negative, or on the ſame Side 


with the Focus f, viz. at 4. And as the Refraction is 


out of Glaſs into Ait, we ant an the Re E influ 


n n Fe J 
27. Let the Thickneſs of the Lon bo Vos, and 


vf f; alſo let the Radius of the ſecond Surface be 


S 


| . 
cb =rz then L rr mr, whence f = 


r —nft—ntr * 
„„ e thefocal Diſtancerequired, | 


But if the Thickneſs f be inconſiderable, as it TORY 


nearer 


- 


o 107 


nearer and nearer to each other, all af” 
them an! towards a ; 


mdr 


mfr | | 
whence f = Nr n“ which 


. 
Equation reduced gives f = nr ny as mer 


& Arr. 
and putting — — 29, weben T Tr 
But in Glaſs, g 9287 and if we ſuppoſe the Lens 
equally convex, or 7 r, we have f= — =v f, 
the ſocal Diſtance of the Ray 15 after palling through 
the Lens, as required. 

28. If 4 be infinite, then = . den allel plate 
Rays, or the Sun-Beams, will be bebe in 2 Point f, XLII. 
whoſe Diftances from the Lens i is equal to the Radios Fig. 5. 
of Convexity. 

29. If one of the Radii , = be infinite, the Leds pig. 6. 
will be a Plant Comer, and g, — ny 
ar Ra Where d is infinite, 18 

"both the Radii be infinite, the Lens then is no Fi 
* * than a plain Glaſs terminated by two parallel Sides; Tg 7 
and the Focus f will be at an infinite Diſtance for paral- 
lel Rays, or. they will be parallel after Refraction as 
they were before. 

31. If one Radius r be infinite, and the * r ne- F "3s. 
gative, then will the Lens be a Plano. Concave ; then Fig. 


will the Theorem be Ls, which istherefote ne- 


gative, or the Rays proceed diverging after Refradtion, 
When d is. infinite, the Theorem i is = == 2 r 
= f, or parallel Rays diverge from a Point F, at the 
Diſtance of twice the the Radius of Concivity. ; 


the n 
becomes a Double Cmcove; a ane ifd de infinite, and the 8 9+ 


where 


-» 
£ 2 * 
Pe * - 


Omnre 


| where they all unite; as the Rays of the 
Sun collected by a Glaſs, as CDF. Di- 


Radii equal, viz. rr, the Theorem then is— 


Plate 
XLIII. 
Fig. 10. 


dr 


ar © | | —4 — 
=—= — r =—-f; ſo that parallel Rays, or 
the Sun - Beams, are ſo refrafted through a double and 
equally concave Lens, as if they proceeded from a Point 
f at the Diſlance of the Radius of Concavity from the 


Vertex of the Lens. 


' * 


33. If one of the Radii, as r, be affirmative, and 


the other r negative, the Lens becomes a Meniſcus, 


; | g G — Ar « — 27 , : 
and the Theorem then is ===—=f; 
| 5" dr—dr 1—r 


which ſhews that when 7 r, and d is infinite, the 


Focus f is at an infinite Diſtance, or the Rays are pa- 


rallel after Refraction as before, as in the Caſe of a 
Watch Glaſs. If r be greater than r, or the Conca- 


vity leſs than the Convexity, the Focus f will be affir- 


mative, or parallel Rays will be converged to a real 
Focus; but if r be leſs than r, the Focus f will be 


Refraction. 


negative, or parallel Rays will proceed diverging after 

34. We now proceed to dnterinioe the Poſition, 
Magnitude, Form, fc. of the Images of Objects 
form'd by Mirrours and Lenſes, having firſt premiſed, 
that the Image of an Object always appears in the 


. Place from whence the Rays diverge after RefleQion 
or Refraction; or in other Words, the Image appears 


in that Place, which we have hitherto call'd the Fo- 
cus of the Rays. This Sir 1ſaac Newton has deliver'd 


zs an Axiom, as being very evident, becauſe the Spe 
_ cies, or ſeveral Points of the Image of an Object, are 


brought to the Eye by the reflected or refracted Rays. 
Fig. 11, 35. Let A G be a reflected Speculum, C its Cen- 
12. tre, V B its Axis, F the ſolar focus; and let Q B be 


an Object at the Diſtance VB; through the Centre C 


draw O A, which as it is perp. ndicular to the Specu- 


verging 


OrTIeSs. 1 


verging Rays are thoſe which proceed from 
a Point, as F, and in their Progreſs re- 


# Aa SI 43 


and. that of | the Point B in the Line or Axis BV. : 
Thoſe focal Points are eaſily found, thus: Draw OV. 
and VD making equal Angles with the Axis VB; 
alſo draw BA, and A E, making equal Angles with 
the Axis OA; then ſhall thoſe two refradted Rays 
VD and A E interſect the Perpendiculars O A and BV 
in the Points M and I, which will therefore be the fo- 
cal Peints where the Repreſentation of the extreme 
Points O and B wlll be made; and conſequently all 
the Points between O and B will be repreſented be- 
tween M and I, and therefore the Line I M will be 
the true Repreſentation or Image of the Object O B. plate 
36. Hence alſo tis eaſy to obſerve, that the Poſition XLII. 
of the Object O B is inverted in the Image I M, and p, 55 
conſequently the ſame Patts of the Object and Image *** 
are on contrary Sides of the Axis in a concave Mirrour, 
where the Rays have a real Focus, or form a real I- 
mage : But in a convex Mirrour, where the Rays have Fig. 12. 
no real but an imaginary Focus, or form not æ real 
but an ent Image, no ſuch Inverſion can happen, 
but the Object and Image both appear in an erect Po- 
ſition, as is eaſy to underſtand from the Figure. 
37. Again; the Object and Image are commutable, 
or may be taken the one for the other in the Schemes. 
Thus if O B be the Object, then I M will be its 
Image; but ſuppoſing I M the Object, then will OB 
b ͤ V/ ĩͤ((V c II. 
238. Hence alſo it appears, that if I M repreſent an 
Odject placed before aconvex Mitrour nearer tothe Ver- 
tex V than the Solar Focus F, the Rays will be fo re- 
flected as to form an apparent Image O B behind the 
Speculum; and this Caſe will be every way the ſame 
with that of the convex, Speculum reverſed... 
39. It is farther obvious, that the Object OB and 
Image I M ſubtend equal Angles, both at the Vertex 
Vaud Center C of the Mirrour, whether concave or 


cede 


14 


the A 
mage ſubtends, (by Art. 35.) nter 
the Angles OCB and ICM, under which the Object 


as that of m to ; for then, ſince m:n::2d—r: r. 
d=rX 


| We. mn ng 
_ Caſe n is greater than mn, r NR would be a nega- 


Ovrics 


convex ; for at the Vertex the Objeft O B ſubtends 
ngle OVB = BVD or IVM, which the I- 
And at the Center C, 


and Image appear, are equal, as is evident by Inſpec- 
tion, = being verticle to each other. © 

40. Therefore the Triangles OV B and I VM, alſo 
the Triangles O CB and I CM, are fimilar, as having 
all their Angles reſpectively equal ; therefore we have 
OB:IM:VB:VI; alſo OB: IM:: BC: IC, 
That is, the Lengths of the Object and Image are-pro- 
portional to the Diftances from the Vertex or Center 
of the Speculum. F - 1 

41. Hence in Symbols (putting O = Object, 
and I = Image) we have O: I:: d: 7; wheace 
= =f= 5 2 z therefore O: I:: 24 = rer. 


Wherefore, by having given the Radius of the Specu- 
lum, you may place the Object at ſuch a Diſtance, 
that it ſhall bear any given Proportion to its Image, 


we have mr =2dn—rn,and mr r a d; con- 
for a concave Speculum, and 


242 


ſequently, d =r X > 


42. From hence it is manifeſt, no Object can be 
magnified by a convex Speculum ; for, becauſe in that 


tive Quantity, and ſo d would have a negative Value, 
which is impoflible. And when AD ak 42 mY 
or the Object and Image are then only equal, when 
they coincide at the Vertex of the r e OY 


Tax 


” OrT1cs 
Tur Point F, where the Rays are col- 
lected, is call d the Focus, or Burnin g-Point : 


it is plain the Difance d of the Object is greater than 
the Radius r of the —. But when m = x, then 
—=r; or the Object and Image are equal in the Cen- 
ter of the Pon ma When. mis leſs than =, or the Ob- 
ject is magnified, then d is leſs than r. Now this may 
be done two different Ways in a concave Speculum ; 


for » may be affirmative, 5 the Image real and farm'd 
before the Glaſs, hen ar 3 or n may be 


behind the Mirrour, then d = 


27 
Caſe, tis plain, Feen Buns 12 
laſtly, if u be infinite in reſpect of m, then rn = 


or r=2 d, that is, (Ar. Or when the O 
placed in the Solar F ocus, the Image 3 is form 2 © 


infinite Diſtance, and infinitely large. 
44. Such are the Theorems for Specula 3 thoſe for Plate 

us are raiſed. aſter a like Manner, Fox let Q, V A XLUL 

be a double and equally convex Lens; C its Center, Fig * 

or C V the Radius of Convexity = O B an Obj 

E V its Diſtance (in the Axis of the Lens) == d, 

the Image, and F V == , the focal Diſtance mh 

is is formed. Tben ag the Point E in the Object 
is form'd in the Point F in the Axis of the direct 

double Pencil of Rays E G F A, fo the Point O will — 
form'd at M in the Axis of the Pencil OG MA 

ſince theſe * Axes. croſs each other in the Mia er 


the Lens e eee and. Wo 


Vane Cie 
its 


Pc 
| JT 25 BI VF. 


be- 


%, 


> 


15 inthisCaſe d = r X— 


. 7 W do: 1 3 — — 


Orrs. 


becauſe there the Sun's Rays, being e 
within a very ſmall Compaſs or Circle, are 


46. Hence, if (as before) we make OB: IM: 1 2 
nd . 
n::d: ho We have === whence m ;: jo 'n oY 


d—r cr; andfomr du — 1A, or rA A 


wherefore = r NA. If n 5 en 2r=d; 


and if u be infinite in rafpect to 3 r= And if u be 
negative, or on the ſame Side of the Lens with the 


Object, then d= r XD which ſhews the _ 


in that Caſe is always e 
47. If the Lens be a ſingle or gouble Concave, 8 
Rays cannot be converged to a Focus, (as is manifeſt 
from Art. 32.) and conſequently no real Image can be 
 form'd, but only an wh: xr} one; and becauſe it 16 | 


* tis Plain when 1 = 


to the Obje ct 5 they coincide at the Lens. 
48. The Form of the Image IFM.is notari 
ſtrait Line, but a Curve; for n V 


and VO = 24. VM= =f; then fince L. — e 


F r 
IFM were 4 Right Line! i would be F. fi: d: d. Nei- 
ther is the Image of a. circular Form, unleſs the Ob- 
be ſo; becauſe in that Caſe-f= f, which cannot 
be but when d d, or VE 03 ſo that if the 
Object be the Arch of à Circle, the Iniage will be the 
Kok of a Circle concentric with the Object, or elſcof 
4 Conic Section, as before obſerved. of mages s form q | 
| by Mirrours, Art. 36. 
49. If che Object be a Surfice, the Inks will bes 
. ama] Mees and — Surfaces are in du · 


: A TT | t . 


; OrrTics = 17 
greatly conſtipated | and condenſed, | 
which means their Action or Heat is po. 


plicate Proportion of their like Sides, ( Arnot, II. & 3.) 

therefore m: n:: OB: IM, in this Caſe. And if the 

Object be a Solid, the Image will be a fimilar Solid, and - 

they will be in the triplicate 3 of their homo- 7 

| logous Sides; whence m: n:: OB: IMs. 5 
50. Though Speculums and Lenſe are of moſt gene- 

ral Uſe in Optic, yet it will be neceſſary to conſider the 

Property of a he or Sphere, as alſo of an Hemi. Plate 


uy with reſpect to their Power of converging the XLIII. 
: ays of Light to a Focus. If therefore in the I heo- Fig. 14- 


rem of t. 27. we put tf = 27 = Diameter ofthe 
Globe, and becauſe r t, we ſhall have 4 222 


P A—— 


1 
= VJ, the ene Rays; and when d is in- 
finite, the Theorem i 2 == == Vf.  There- 
fore a Globe of Glaſs will converge the. Ra ys of the 
Sun to a Focus at the'Dtance of baif the: Rid. 

42. But in caſe the Globe be Water, then in the = 
aforeſaid Theorem we have m= 4, n =1, and. the _ 
reſt as before; then by Reduction it will become | 
— MT aa . foe diverging Rays; and for paral- 


tel Rays, where d is infinite, ebe ref 


twice as large as in Glass. 
52. In an Hemiſphere of Glaſs, when the. convex 
Side 3 is turn'd towards. the Radiant, having 7 inſigite, 


and t r, che Theorem will become 4g . 

the focal. Diſtance of anus Rays 3 pang 

Raps, it becomes — 7 =Er . 4 | gf | f 
55 53. If the plane Side of the Hemiſphere be wed 7 
5 towards the Radiant, the Theorem for diverging Rays 4 
. . on portionably 


- 
1 * 


Or res. 


2 portionably increaſed, and therefore Ob- 
jets poſited in that Point will be greatly 
heated, burnt, or mel ted. 


8 
* 


e | 6 dr 
= ; and for parallel Ray 2 


54. In an Hemiſpher: of Water, the convex Part 
gdr —9grr 
4d — 127 1. 


wi ct 


_ 


* being towards the Radiant, we have 


5 and ſor parallel Rays * , But if the 


Radiant be oppoſed to the plane Side, then 3 r= 
greater by 3 r than before. 

5. We _ hitherto conſidered the Property. of 
ſpherical Bodies © 15 with reſpect to their Power of re- 
fracting a Ray of Light; let us now conſider the Na- 
ture of Reſraction in Bodies whoſe Fi igures are derived 
from the Curves of the Conic Sections. In order to this, 

It DBK C be an Ellipſis, DE its tranſverſe Axis, 
H, I, its two Foci, and A B a Ray of Light parallel to 
* Aue be incident on the Point B. Let B E be a Tan- 


gent in the ſaid Point, and LG drawn perpendicular 


to the Tangent through the Point B; join H B and IB; 
make AB == IB, and from the Points A and I let ll 
the Perpendiculars AL, IG, on the Line LG; p 
duce IB to O, and draw H © parallel to LG. _ 5 - 
Then in the ſimilar Right angled Triangles 
44% IN G, we have AL: IG: AB: NI:: IB: 
NT becauſe AB=IB. But IB: NI = 105 IH, 
becauſe of the ſimilar Triangles BN and OHI.. Again, 
the Angle HB GSG BI fromthe Nature of the Curve; 
whence G BI = HOB (HBO) 2B H O; 
therefore the Triangle H B O is Iſoſceles, or BH 
_ But I _—_ e per _ therefore 


S324 4 ? 4 T2 
+ wa Hl 
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Or GLAssEs there are two Kinds, biz. 
Mirniurdj and Lenſes. A Mirrour or Specu. 
lum is that, which from one poliſhed Sur- 
face reflects the Rays of Licht; ; and. theſe 
are either Convex, Concave, or Plane, as will 
be ſhewn. A Lens is any tranſparent or 
diaphanous Body, as Glaſi, Cryſtal, Water, 


&c. through which the Rays of Light do 
freely. paſs, and is of a proper Form to 


collect or diſperſe them. Of theſe there 
are ſeveral Species, as a Plane Lens, a Pla- 
no-Convex, Plano Concave, Double- n 
W ag and e A 17 


1B+BO=10= DE. rere AL. 16 
(:: IB: NI; IO: IH): DK 1 

57. Since LG is perpendicular to 1 Tugeat pr 
Curve in the Point B, tis evident that A Lin the Sine 
of Incidence, and 1G the Sine of Refraction to the 
Radius AB=BI. If therefore a Solid be generated 

by the Revolution of an Ellipfis about its Axis, which 
Ellipſis has its tranſverſe Axis DK to the Diſtance be- 
tween the Foci in the Ratio of the Sine of Incidence to 
that of RefraQion ; then patallel Rays A B, falling on 
every Point B of its Surface, will be reftaQted-10" * 
remote Focus IJ. 
38. Aﬀer the ſame Matiner we pcs for the 1 
perbolic Cenoid; but a8 Lenſes made of theſe. Forins ate 
extremely difficult to work, and are likely never to be 
of Uſe, (ſince the great Defect of theſe Glaſſes i is o- 
ing to quite a different Cauſe, as we ſhall ſhew in the 
.next Annotation) 1 ſhall ſay no more of them bere, but 
refer the inquiſitive Reader to the Droptrics of M, Des | 
be, who treats LORIN of this RF 4 I, . 
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Plate 
XLVIII. 


Fig. 5. 


Fig. 6. 


all depen 
Fundamental Law, That the Angle of Inci- 


into EF. „HF, as if they came diverging 


rr 
I sSnALL now conſider the different Pro- 
perties and Effects of theſe Glaſſes in re- 
flecting and refracting the Sun's Light, and 
forming the Images of Objects: And this 
ads (in Refledtion of Light) on that 


ial to the Angle of Reflettion.'  - 


_— H be a concave Mirrour, V. its 


Vertex, -and C the Centre of'its Concavity. 
Let A-be a Ray of the Sun's Light inci- 


dent on the Point E, and draw EC, which 


will · be perpendicular to the Mirrour in the 
Point E; make the Angle CEF equal to the 
Angle A E C, then ſhall E F be the reflected 


Ray. Thus alſo H F will be the reflected 


Ray of the incident one D H, at an © al 
Diſtance on the other Lids a 'the - Axis 


b very near the Vertex V, we e ſhall have EP, 


or HF, very nearly equal to FV; but 
E F FC; therefore FV 8 CV. 
That is, the Focel Diſtance FV of parallel 
Rays will be at the. Diflance of balf the Ro- 
rus, CV of the Concgvity of the" Mirror 

from the Vertex V, in the Avis ; V 
 APTgR the ſame manner, a conven M 


Tour is nen to reflect the Rays AF,” DH, 


from 


"EZ; 


. ® TFT Ww FP _ 


wy Wy Sw 


” Su rr oy oF — i 


Ob Gol ] ͥ et a bra b 


dE 
* 


Ones F 
from a Point F in the Axis CV, which is 
half the Radius CV diſtant from the Ver- 
tex V. But ſince the Rays do not actually 
come at, or from the Focus F, it is n 
the Imaginary or Virtual Focus. : 

PARALLEL Rays falling directly on a 
plane Speculum are reflefted b back upon them- 


| felves; if they fall obliquely, they are re- 


flected in the ſame Angle, and parallel as 
they fell. Hence there is no ſueh thing; 


properly ſpeaking, as a Focus belonging 


to a franc as neither real nor wir- 


tual. 
Tus Focus F, or „ of parallel Rays, is 


| 21 


called the Solar Focus; becauſe in that the 


Image of the Sun is formed, and of all Obs 


jects very remote. But the Focus of any 


Object ſituated near the Mirrour will have 


its Diſtance from the Vertex more or leſs 
than half the Radius: The 3 in Sq 


| Caſes being as follows: 


Multi piy the Diſtance of the Objeet into be 
Radius of the Mirrour, and divide that Pro- 


duct by the Sum of the Radius and twice” the 


Diſtance ' of the Object; the Quotient wil ing 
the Focal Diſtance of a Convex. Mirrour. 
Aon; for a Concave Mirrour, the Mie 


Product of the Radius into the Diſtance of the 
Objett, divided by the Difference of Radius 
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Plate 


XLVII. and its Hh IM are ſeen from the Centre 


7” 7 


Orirrcs. 
and twice the Diſtance of the Object, will give 
the Focal Diftance V F or Vf. And here 


we are to obſerve, that as twice the Diſ- 
tance of the Object is leſſer or greater than 
the Radius, ſo the Focus will be poſitive 


or negative, that is, Ea the Glaſs or 
before it. 

Tux Image of every Object! 18 formed in 
che Focus proper to its Diſtance: And 
ſince the Writers on Optics demonſtrate, 
that the Angles under which the Object O B 


or Vertex of the Mirrour C are always equal; 


it follows, that the Image IM will be 


always in Proportion to the Object OB, 
as the Focal Diſtance VF to the ras 
Diſtance GW. 

Tux Poſition of he Object will he al 
wiys erect at a poſitive Focus, or behind the 
Speculum; diminiſhed by a convex, and mag- 


nified by a concave one. Hence, ſince a 
convex has but one, viz. an affirmative 
Focus; ſo it can never magnify my GS, | 


howſoever poſited before it. 
Tux Poſition of the Image in a negative 
Ren, or that before the Glaſs, will be 


ever inverted; and if nearer the Vertex 
than the Centre C, it will be leſs; if far- 
** 15255 it, it will be greater than the 


W ; 


 OrrTics 


Obj ect; but in the Centre it will be equal 


to = Object, and ſeem to touch it. 


Tux Image formed by a plane Speculum is 
erect; large as the Life; at the ſame appa- 


rent Diſtance behind the Glaſs, as the Ob- 


ject is before it; and on the ſame Side of ; 


the Glaſs with the Object. Theſe Proper- 
ties render this Sort of Mirrour of moſt 
common Uſe, wiz. as a LookinG-GLass. 

Ir the Rays fall directly, or nearly fo, 
on a plane Mirrour, and the Object be 
opake, there will be but one fingle Image 
formed, or at leaſt be viſible ; and that b y 
the ſecond Surface of the Senne, and not 


by the firſt, through which the Rays do 


moſt of them paſs. EY 
Bur if the Object be luminous, and the 


Rays fall very obliquely on the Speculum, 
there will be more than one Image form'd, 
| to an Eye placed in a proper Poſition to 


view them. The firſt Image being form'd 


by the firſt Surface will not be fo bright 
as the ſecond, which is formed by the ſe- 
cond Surface. The third, fourth, Sc. 
Images are produced by ſeveral Reflections 


of the Rays between the two Surfaces of 


| the Speculum ; and ſince ſome Light is loſt 
by each. Reflection, the Images from the 
P wall appear ſtill more faint and ob- 


C 4 3 ſcure, 
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ſegrez to ended 3 or + tenth, which 
can ſcarcely be diſce raed at all. 

We proceed now. to Lenſes; _ hore, 
ſince all | Viſion by them is effected by the 
Refraction of Rays through their Subſt: 
it will be too intricate an Affair to ſhew 
the particular Manner how Rays are. col- 
lected by. them to their ſeveral; Focus's: It 
, muſt ſuffice only to ſay, That parallel Rays 


* 2 Point or Focus, which is the Diameter of 
the Sphere of its Convexity diſtant from it:, 
Tr the ſame Rays are collected 4 


which is the Centre F the Sphere of its. Con. 
 awexity: © 
Tuar parallel Re 276 are 9 . 
ano-concaue Lens in ſuch a manner as tb 
a came from a. Point n it wg we: 
Diameter of ite Coneavity: 18 05 
AnD that the ſame Rays | 3 acted 
through a double and equally, Concave, Lens, ry 
fuch manner as though: they proceeded from 4 
Point which is the Centre of tbe Concavity. 
Ax in caſe of a double and equally 
convex Lens, we have this general Rufe 
for finding the Focus of Rays. univerſally, 
be the Diſtance of the Object ang Radius 
gk: . what it ral UA, | 


" Multi 70 


* 


are refracted through a. plano. canuen Lens o 


double and equally convex Lens in a Paine. 


Orr 


Multiply; the Diſtance of the Objeft by the 

Radius of Convexity, and divide that Produds. 
by the Difference of the ſaid, Diſtance and Ra 
dius; the 2 will be the Diſta nce of . the 


Focus. required... 


HzNez, if the Diſtance. of this” 'Obj ject | 


be- greater than the Radius, the Focus ill 
be affirmative, or behind the -Lens; the 
Image will be inverted, and diminiſhed 
in Proportion of its Diſtance to the Dif- 
tance of the Object. 


Ac Alx; if the Diſtance of the Object 


be leſs chain the Radius, the Focus will be | 


| negative, or on the ſame Side of the Lens 
as the Object; and the Image will e 
nified, and in an erect Poſition. 

Ir the Diſtance be equal to the Radius, 
the Focus will be at an infinite Diſtance z 
that . is, the Rays, after Refraction, will 
proceed parallel, and will therefore enlighten 
Bodies at a vaſt Diſtance. Hence the con-. 
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| trivance of the Durk Lanthorn for this Pur- | 


ole. | 
LAsTIy: If 1 Diſtance of the Object 
be equal to twice the Radius, then will the 


quently the Image will be 
nitude to the Object, but inverted. Hence 
the Uſe of thefe Lenſes to Painters, and 

2 


Diſtance of the Focus and Image be equal 
to the Diſtance of the Object; and conſe- 


equal in Mag- 
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Orrs. 


; Draught-Men in general, who have often 
Occaſion for the Images of Objects as 
large as the Life, to delineate or draw 


— 

As to Plano- concaves, they, Lag no 
read Focus, form no Images of Objects; 
fo that we ſhall paſs them to proceed to the 


Structure of the Eye, the Manner of per- 


forming Viſion therein, the ſeveral Defects 
thereof, and how remedied by Glaſſes ; 


which will be illuſtrated by the Diſſection 


of a natural Eye, and exem plified by an 
ee one. 

The Eye is the noble Organ of Sight or 
Viſion : It conſiſts of various Coats and 
Humours, of which there are Three re- 
markable, viz. (1.) The Aqueous or Watry 
Humour, which lies immediately under the 
Cornea, and makes the Eye globular before. 


(2.) The Vitreous Humour, which is by 
much the greateſt Quantity, filling the 


Cavity of the Eye, and giving it the Form 
of a Globe or Sphere. (3.) The Cryſtalline. 


Humour, fined between the other two, 


near the Fore- part of the Evi e, and 1s the 


immediate Inſtrument of Sight ; for being 


of a lenticular Form, it converges the Rays, 

which paſs through the Pupil, to a Focus 

on the Bottom oy the Eye, where the Images 
| hat 
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of external Gew are A that means form'd 
and repreſented (C(XXVI.) | 


(cxxv I ) 1. In order to exkibit a juſt Idea of the 
true Theory 0 7 Hon, I ſhall here give a —— exact and 
particular Deſcription of the Ex E and of its ſeverak 
Parts, with an Account or Calculation of the various; 
Refractions of the Rays of Light err. the ſeveral 
Humours, for forming the Images of NNE: on the 
Retina at the Bottom of the Eye. 

2. To this End I have here repreſented a Section 
of the Human Eye in its true or natural Magnitude, 
which conſiſts of two Segments of two different Spheres, 
viz, one larger, as BNB, and a leſſer, BIB. They, FP 
larger Segment conſiſts of three Tunics or Coats, of V. 


which the outmoſt is of a hard, thick, white, opake Fig. 7. 


Subſtance, called the Sclerotica, as BN B. Within this 
is another thin, ſoft, and blackiſh Tunic, called: the 
Cheraides ; which ſerves as it were for a Lining to the 
other, or rather as a delicate Stratum for the-th.rd Tu- 
nic called the Retina, which is a curjous fine Expanſion 
of the Optic. Nerve Y Z over all the larger Segment of 
the 5 every Way to BB. 
. The leſſer Segment conſiſts of one Coat or Tunic, 

called the Cornea, as reſembling a Piece of tranſparent 
Horn; this is more convex than the other, and is de- 
noted by BIB. Within this Coat, at a ſmall Diſtance, 
is placed a circular Diaphragm, as Bo, Be, called be 
Uvea, or Iris, becauſe of the different Colours it has 
in different Eyes. In this is a round Hole in the Middle 
called the Pupil as oo, which in ſome Creatures is of a 
different Figure, vis. oblong, as in Cows, Cats, Sc. 

12 As the Cornea, by its DN admits the 

Ligh t to enter the Eye, ſo the Pupil is deſtined to re- 
gulate the Quantity of the Rays that ought to enter the 
interior Part of the Eye for rendering Viſion diſtin, * 


and the Images of Objects properly illumined. To this 
Purpoſe it is compoſed of two Sets of muſcular Fibres, 
viz. one of a circular Form, which, by corrugating, 
contract or diminiſh the Pupil; and the other is an Au- 
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Orr. 


— all the Bottom of ihe Eye is ſpread 
a very fine and curious Membrane calbd 


| #ilus of radial Fibtes, tending every where from the 


Circumfererice BB of the Uvea to the Centre of the 


Pupil, which, by contracting, dilate and enlarge the : 
Pupil of the Eye. 


5. Initnediately within the Utes is another Annulu: 


| of Fadial Pibres, which on the extreme Part is every 


where connected with the Cornea, where it joins the 
Sclerotica at BB; and on the other Cireewiference it 


is connected with the anterior Part of the Capſula in- 


cluding the Cryſtalline Humour; and is called the Li- 
gamentum Ciltare, and ſometimes the Procęſſus Ciliares, 


and is denoted by Ba, Ba. 


'6. The Bulk or Body of the Eye is made up of three 
Subſtances, commonly called Humours, vis. the Aqueous, 
the Cryſta/lint, and the Vitrenus. The Agueons Humour 


is properly ſo called, being every Way like Water, in 


reſpect of its Corlfiftencs, Limpidity, ſpecific Gravity, 
and refractive Power. It is contained betwen the Cor- 
nea and the Ligamentam Ciliate, as BIBaaB., This 


Humour gives the protuberant Figure to the Cornea, 
N which makes the firſt Refraction of the Rays of Light. 


7. The ſecond Humour (improperly ſo call'd) is the 
Cry/talline, having its Name from reſembling Cryſtal in 
Clearneſs and Tranſparency. It is denoted by GEHL, 
and is in Form of a thick Lens unequally convex, whoſe 
anterior Surface GK H is the Segment of a larger 
Sphere, and its poſterior Surface G LH the Segment 
of a leſſer. This Humour is of a ſolid Confiſtence, and 
very little exceeds the ſpecific Gravity of Water, viz; 
in the Proportion of 11 to 10 nearly; as I have often 
found by Experiment. It is contained within a moſt 
delicate Funic or Capſula, called Arachndides, way 
where pellucid as the Cryſtalline itfelf. 

8. The third Humour is the Vitreous, (being clear a 
Glaſs) and is largeſt of all in Quantity, filling the whole 
| Orb of the 5 B M 5 and giving it a globular Shape, 


ba the 
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the Retina, which isa Expan f the 
Optic Nerve; upon which the Images of 


This 8 is W like the White of an Eee, and 


but. a little exceeds the ſpecike Gravity and refractive h 
Power of Water: 


9. We proceed now to give che Dimenſions of the 
Eye and its ſeveral Parts, (in order for Calcylation) as 
they have been determined by actual Meaſurement in a 
great Number of human Eyes with the greateſt Care 
and Exactneſs. Theſe Meniurgs gre TY a 
of an Irren az falloys. 1.9 Tis 


The Diameter of the Eye from Out · 

ſide to Outſide,. taken at a Mean $ IN 9 
from ſux adult Eyes, — — 

The os ef Cane of the Garneg, BIB= 3,3494 

The Radius of Convexity of the an- . 
terior Surface of the Cryttalline, * aps 
from twenty ix Eyes,. S 

The Radius of Convexity of the hin- 


08 Surface, "pa the fame , 0 Lu⸗ 0 5 


a Mean 
The Thicknos Tf o the Copftalline, 
from the 2 2 Lig, 


The Thichneſs of th the Co and * 
Aquequs Humour together, . — | > IK= wars 1,0358 
10. Momover, it is found by Experiment, chats 

Ratio of Refraation at the Cornes I is as 4 to 

the fame with "that of Air into Water 2 
Refraction at K as 13 to za, and at — 12 ta 13. 
Theſe Things premyſeg, let A X de the Axis Ste 
Eye, and E D a Ray parallel thereto, and incident on the 
Cornea very near it act D; we are to determine 55 
of the ſeveral Refractions of this Ray whe ever per 28 

37 The firſt Focus | is devermined by the Theos 
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Objects being painted and impreſ./d, the 
are by that means * to the an 
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poſing all bebind the G BIB were the aqueous 
Humour continued, then ſince in this Cale m = 4, n=" 
2, 7 = 3.3294 and d is infinite, we have f= 4 r 
13,3176 =I Q. the focal Diane from 1 ** the a 
ann. 7 
12. The Ray tending by this means n De 
Falls converging on the anterior Surface of the Cry ſtate? | 
line Humour at SG. We muſt now find the Pack of 
the converging Ray D'S refracted through a Medium 
every where the ſame with the Cryſtalline Humour. 
This we do by the ſame Theorem; for at K we have 
m: n : 13: 12, and . and IQ—IK =! 
12,2818 = K Q:= d, the Diſtance of he I Radiant Q. 
from the Point 5 7 but 4 is in this Caſe negative, or 


d, and the Theorem 18 — mL = 2 104 | 


k P, the new focal Diſtance from K. 'by the 1 | 
Refraction. PP - 1 
13. The Ray converging from to P is intercepted 
by 4 hinder — wn elbe Copſtttin at T, and Ziv | 
ing there with a Medium of different Denſity, and a 
concave Surface, is again refracted by it; and here we 
have m: n 1 12; 13, (by Art. 10.) alfo the Radius } 
is negative, as well as 4; and here it is—r = 2,5056, | 
and —d=KP— -KL=LP= 8,37; therefore the 
Theorem i ee . tl m dr : Be 12 f | =/=LM} 
ar = 7 | f 

= HY 12, the laſt focal Diſtance requited. NI — 
The Point M therefore is that in which aral 

| Riſe ED are collected within the Eye, and where the | 
Images of remote Objects are formed. The Diſtange 
1:8 of this Point from the Cornea is TM =I' £-- KLS4 
=<x __ LM=1,9z6+ -1,852 4.6, 112 29. Then IN - 
yl IMS 9,4 —9 o, = NM. Now the Thicknels : 
164 | of the Sclerotica is by the Micrometer found to be very © 
19 * 0,25 3" then 0,4— 0,25 = 0,15; which is m ; 
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Senſory in the Brain, where the Mind views 
and contemplates their Ideas; but this in 
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about equal to the Thickneſs gf the Choroiden and Retina 
together. Hence we ſee the Forms and refractiue Pouer 
of 25 ſeveral Humours are ſuch as nicely converge paral- 
leh Rays to a Ficus upon | the Retina in the Battom of the 
a5. From hence it follows, that ſince parallel Rays 
| only have their Focus upon the Retina, they alone can 
aint an Image there diſtinctly, or produce a diſtinet. 
Viſion of an Object. If therefore the Object be ſo near, 
that the Rays from any particular Point come diverging | 
to the Pupil, they will neceſſarily require a greater | 
Diſtance: than IM, and therefore, as the Rays are not 
united upon the Retina, that Point cannot be there 
diſtinctly repreſentad, but will appear.confuſed. 
4 6. Thus if A B, AB, are two parallel Rays falling plate 
upon the Pupil of the Eye, then any other two Rays, XLIV 
as C B, CB, though really diverging, yet as the Point Fig. 2 
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C, whence they proceed, is remote from the Eye, they 
will at the Entrance of the Eye be ſo neatly coincident 
with the parallel Rays, as to have nearly the ſame focal | 
Point on the Retina; whence the Point C will there be 
diſtinctly repreſented by c. But if any other Point E 
viewed very near the Eye, ſo that the Angles EBA 
which they contain with the parallel Rays be very con- 
| fiderable, they will after Refraction tend towards a Point 
F in the Axis of the Eye produced, and upon the Retina 
will repreſent only a circular indiſtinct Area like that ak 
e, whoſe Breadth is equal to a6, the Diſtance of the 
Rays upon the Retina. The ſame Point at D will not 
be quite ſo much dilated and indiſtinct ; the Rays DB, 
D B, having a leſs Degree of Divergence. ee ar 
17. It is found by Experience, that the neareſt Limit 
of diſtinct Viſion is about ſix Inches from the Eye; for 

if a Book be held nearer to the Eye thin that, the Let- 

ters, and Lines wilt immediately become confuſed and 

indiſtinct. Now this Cauſe of indiſtinet Viſion may be 


EP 


a 2 fome meaſure remedied by leſſening the Pupils, which 


a Manner 


G 


a Manner too eme and | abſtruſe fo 
us to underſtand. 


we TIER do in looking at near Objects, by contract 

ing che annular Fibres of the Lors; and artificially, by 
Iooking through a ſmall Hole made with a Pin in a Card, 
Cc. for chen à ſmall Print may de read much neater 
than otherwiſe; the Reaſon is plain, for the leſs the 


Diameter of the Aperture or Pupil B B, the le will the 
Rays diverge in coming from or E, ot l 


© - Furniſhed the Eye with a Faculty 
| df Objects as they are nigh 


wdrmmation of the Eye, the focal 


Will they coincide with parallel Rays. = 
318. —— of the Pupil, Nature has 
of adapting the Con. 
formation of the ſeveral Parts to the 2 Poſitions | 
or more remote; for this | 
Purpoſe, the Cornea is of an elaſtic yieldin Subſtance, 
and the Cryſtalline is incloſed with a'little Water in its 
_  'Capfula, that by the Contraction and Relaxation of the 
- Ciliary Ligament, the Convexity of both the Surfaces 
of the Capſula may be a little alter d, and perhaps the 
Polition of the Cryſtalline, by which means the Diſtance 
from the Retina may be fitted and adjuſted to nigh Ob- 
jects, fo as to have their mages very W formed 
upon the Retina. 
1809. Thave mentioned near Objects only, (by which 
I mean ſuch as are near the Limit of diſtinct Viſion, as 
between ſix and a hundred Inches . becauſe Ob- 
jeects more remote require ſcaroe any Change of the Con- 
: fiance ir in them vary- 
ing fo very little. Thus ſuppoſe all the Refractions of 
the Eye were equivalent to that of a double and equally 
convex Lens, whoſe Radius r ='x Inch; if then the 
Object were 10 Inches Ma” 7 d= 10, we ſhould 


Save the focal Diſtance f= — = 011111; 
and if another Object be diſtant 100 Inches, then d = = 
10d, and f _ = == = o, 1010. The Dife- 
ren mw theſe two focal Diſtancer in but o, orol, 
Fa „5 
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vexity, that in a ſound State of the Eye its 


7 eaſily provide for. If we 8⁰ beyond this, ſuppoſe to an 
i Obje ect 1000. Inches diſtant, we have f= — 2 = 

gs $f: AIR 
* o, 1001001, which is only a chouſandth part of an 
e Inch leſs than the former, and is therefore Inconft. 
7 derable. 


20. We have ſeen the natural Limit af flint Vis 
ſion for near Olject,; we ſhall now conſider what the 
Limit on the other hand may be for remote Objects; for 
Objects may appear indiſtinct and confuſcd by being re- 
moved too far from the Eye, as well as when they are 
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pear diſtinct fo long as their Parts are ſeparate and diſ- 
tinct in the Image form'd on the Retina. Thoſe Par,s 
will be ſeparate ſo long as the Axis of the Pencils of 


— 
cd 


not leſs than one Tenth of 4 Degree; for it is found b 


| when the Angle has ſubtend at the Pupil of the oy is 
leſs than that Quantity. 

21. Thus ſuppoſe 5 B be a Greed 4 of lh Di 
ameter, it will appear diſtinct with its central Spot till 
you recede to the Diſtance of 6 Feet from it, and then 
it becomes confuſed ; and if it be; of, 8 it will 
begin to be confuſed at 12 Feet Difance,: and ſo on; 
in which Caſes the Angle ſubtended at the Eye, viz. 
O AB, is about 28 of a Degree, or 6 Minutes. And 
thus all Objects, as they ate bigger, appear diſtinet at 
a greater Diſtauce; a ſmall Print will become confuſed 
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legible; at a bi 
wnile the ſeveral C 


r Diſtance theſe become conſuſed, 


Ge 


Tae Cryſtalline Humour is of ſuch a Con- 


too near it. And in this Caſe we find Objects will ap- | 


unties appear: well defined to a much 
„ D . 


viz. the hundredth Part of an Inch, 1 the Eye can 


Rays which paint them are ſo at their Incidence on the 
Retina; that is, ſo long as the Angle they contain is 


Experience that Objects and their Parts become indiſtinet 


Plate 
XLIV. 
Fig. 2. 


at a leſs Diſtance than A larger 3 and in a Map of Eng- 
land the Names of Places in ſmall Letters become firſt 
indiſtinct, where thoſe in Capitals are very plain and 


346 


Plate 


XLIV. 
Fig. 3. 


- -- accurately depicted on the Ret: 1, and by that means 


Fig. 4. 


to a Focus on the Bottom of the Eye in à ſound State; 


1. > Orrics. 
Focus falls preciſely on on the Retina, and 
there paints the Objects; and therefore Vi- 


greater Diſtance. Theſe alfo at laſt become ſo indiſ- 
tinct as not to be known one from another, when at 
the ſame Time the whole Iſland preſerves its Form very 


diſtinctly to a very A * Diſtance; which may be ſo far 
| Increaſed, that it alſo 


at laſt will appear but ene 
and unmeaning Spot. 

22. We have ſeen the Cauſes of indiſtinct Viſion in 
the Oßject, and ſhall now enquire what may produce 
the ſame in the Eye itſelf. And firſt it is to be obſerved, 
that there is a proper Degree of Convexity in the Cornea 
K PL, and Cryſtalline 8 T, for converging parallel Rays 


hence every diſtant Object O B will have its Image I M 


produce diſtinct Viſion. 

23. But if the Cornea K PI, or Cryſtalline 8 T, or 
both, ſhould chance to be a little more convex than juſt, 
it will cauſe the Pencil of Rays o Co, which comes to 
the Pupil oe, from any Point C in the Object OB, to 
unite in a Focus before they arrive at the Retina in the 


Bottom of the Eye; pay ks I M of the Objea OB 


will be formed in the Body of the Vitreous: Humour, 


and will therefore be very confuſed and indiſtinet on the 


Retina at i n. A Perſon having ſuch an Eye is called a 


25% in Alluſion to the Hye of a Menje, by realon of 


its great Convexit p. 

24. To remedy this Defegt of the Eye, a concave 

Lens E F is applied before it; for by this means the 

Rays C a, Ci, which fall diverging on the Lens, will, 

me RefraQtion through it, be made to proceed ſtill more 
verging, viz. in the Direction ar, br, (inſtead of as, 


Lo ya as before) as if way came from the Point C inſtead 


of C. All which is plain from the Nature or con 
cave Lens above deſeribed. 
25. Heneer it follows, that Linde the l e to 


an with Cl * the £ye, they-will 
"on 


* 


* 
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form the Image im; which Image 


» =0S 


Z 
ſion is not diſtinct, unleſs by Rays which 
are parallel, or nearly ſo; for thoſe only 


require a greater focal Diſtance to be united in the Axis, 


and conſequently the Focus may be made to fall very 
nicely on the Retina, by uſing a Lens E F of a proper 
Degree of Concavity ; and therefore diſtinct Viſion will 
be effected in the ſame Manner as in an Eye of a juſt 
Conformation, by painting the Image on the Retina. 

26. Since the Point C is nearer to the Eye than the 
Point C, the apparent Place of Objects ſeen through a 
concave Lens is nearer than the zrue Place; or the Ob- 
ject will appear at O B, inſtead of OB. And alſo ſince 
converging Rays O a, Bb, proceed leſs converging at- 
ter Refraction than before, the Object appears under a 
leſs Angle, and therefore the apparent Magnitude of 
Objects ſeen by a concave Lens is leſs than the true. 


27. The Object is leſs luminous or bright ſeen thro- 
ſuch a Lens than without it; becauſe the Rays being 


render'd more divergent, a leſs Quantity enters the Pupil 
of the Eye than otherwiſe would do. But the PiQure 


is always more or leſs bright or enlighten'd, according 


as it is made by a greater or leſs Quantity of Rays. 
28. Laſtly, it appears from what has been ſaid, that 
when a concave Lens E F cannot be applied, we may 


ſtill effect diſtinct Viſion by leſſening the Diſtance be- 


tween the Object and the Eye; for it is plain, if OB 
be ſituated at O , the Image at I M vill recede to i m 


upon the Retina, and be diſtin& in the ſame Manner as plate 


when made ſo by the Lens E F. 

29. On the other hand, when the Cornea or Cryſtal- 
line is too flat, (as often happens by Age) an Object 
OB, placed at the ſame Diſtance from the Lye PC as 


before, will have the Rays Ce, Co after Refraction in 


the Eye proceed to a Focus beyond the Bottom of the 


Eye, in which if a Hole were made (in an Eye taken 


out of the Head) the Rays would 3 go on, and 
1 there fi | be 


D 2 will 


. 
Fig. 5 


cContain an Angle OP B greater than the true OP B. 
than without, becauſe by this means a greater Quantity 


the Lens made to enter in the Directions ar, b r,, which 
are nearer together, and leave Room for more to enter 


Plate 


XLIV. 


Fig. 6. 


applied, which cauſes the diverging Rays Ca, Cb, to 


focal Diſtance is ſhorten'd, and the Image duly formed 
on the Retina at I M, by which diſſ inct Viſion is pro- 


Magnitude O B is greater than the true, becauſe the 
converging Rays O a, Bb, are by this Lens after Re- 


the Angle OP B ſubtended by the Object at the Eye, 
and therefore the Image I M will be always proportional 
to the Object OB. Hence it follows, that the Angle 


„ of apparent Meet od fr ie 3] 

33. Therefore Objects of different Magnitudes, as 

OB, AC, D E, which ſubtend the ſame Angle at the 
Eye, have the ſame apparent Magnitude, or form an 
equal Image in the Bottom of the Eye. Hence it is 
that Objects at a great Diſtance have their Magnitude 
- diminiſhed proportionally : Thus the Object DE removed 
to DE appears under a leſs Angle DP E, and makes a 


Lines. 


Oprlies. 


will have their Focus at the Bottom of the 


Eye: Now Rays proceeding from any Point 


| 


20. To remedy this Defect, a convex Lens G H is 
fal) leſs diverging upon the Eye, or as if they came 


from a Point more remote, as C; by which means the 


31. Hence the apparent Place of the Object is at C, 
more diſtant than the true Place at C; and its apparent 


fration made to unite ſooner than before, and ſo to 


The Object appears through a convex Lens brighter 


, 
= n W ee —_— - "oY 


of Rays enter the Pupil ; for the Rays ae, bo, are by 


the Pupil all around between o and r, ' TOY. 
32. As the Image of the Object painted on the Re- 
tina is greater or leſs, ſo will the apparent Magnitude 
of the Object be likewiſe; or, in other Words, the 
Angle I PM ſubtended by the Image is always equal to 


OPB under which an Object appears is the Meaſure 


— © 


leſs Image on the Retina, as is ſhewn by the dotted 


mole 


P 
more than 6 Inches diſtant from the Eye, 
will, when they enter the Pupil, be very 


34. The Angles of apparent Magnitude O A B, 
OCB, when very ſmall, are as their Sines, and therefore, 
as the Sides OC and OA, or BC and BA; that is,. 
the apparent Magnitude of the Object OB, at the Diſ- 
tance BC and BA, is inverſely as thoſe Diſtances ; or 
its Magnitude at C is to that at A as A B to B. 

35, The more directly any Object is ſituated before, 
the Fe, the more diſtinctly it will appear; becauſe 
thoſe Rays only which fall upon the Eye near its Axis 
can be convened to a Point in the Bottom of the Eye 
on the Retina, and therefore that Part of the Image 


0 only which is formed by the direct Pencil of Rays can 
- be clear and diſtinct ; and we are ſaid to /ee an Object 


by ſuch a Pencil of Rays, but only to lool at it by the Plate 

others which are oblique. | % rats XLIV. 
36. Suppoſe A, B, C, repreſent three Pieces of Paper Fig. 8. 

| ſtuck up againſt the Wainſcot of a Room at the Height 

of the Eye; if then a Perſon places himſelf ſo before 

them, and ſhutting his Right Eye views them with his 

Left, it is very remarkable that the Paper B, whole ' 

Pencil of Rays fall upon the Inſertion D of the Optic 

Nerve DE, will immediately vaniſh or diſappear, while 


55 the two extreme Papers C and A are viſible; and by 
AT altering the Poſition of the Eye, and it> Diſtance, any 
ral of the Papers may be made to vaniſh, by cauſing the 
gi Pencil of Rays to fall on the Point D. | 


37. Why the Rays of Light ſhould not excite the 

| Senſation of Viſion in that Point D where the Fibres of 

the Nerves begin to ſeparate and expand every way to 

form the Retina, is not known. But 'tis highly worth _ 

our Notice, that the Nerve DE is for that Reaſon 

paced en one Side of the Eye, where only the. oblique 
ays come, the Loſs of which is not conſiderable, and 

no way affects or hinders the Petfection: of Sight. 

| Whereas had it, entered in the Middle of the Bottom - 
of the Eye, it had render'd uſeleſs all the direct Rays, 


111 ,- _ 


Orne | 
nearly co-incident with parallel Rays; and 
therefore to a ſound Eye diſtinct Viſion 4 


by which the moſt perfect and diſtinct Viſion is effected; 

and we could haye had only a confuſed and imper- 

fect Perception of Objects by oblique collateral Rays. } 

How glaring. an Inſtance is this of Contrivance and 

Deſign in the Conſtruction of this admirable Organ! 

38. I ſhall conclude this Head with obſerving, that 

the Nature of a R-ading-Glajs is the ſame with that of 

common SpeZacl:s; only in the latter Caſe we uſe a a 

Lens to each Eye, but in the former one Lens is made 

large enough for both. Alſo in the Uſe of them we 

have different Ends to anſwer ; for by the Spectacles we | 

only propoſe to render Objects diſtinct at a given Diſ- 

tance, but the Reading-Glaſs is applied to magnify the 

Object, or to render the reading of a ſmall Frint very 

eaſy, which otherwiſe would be apt to ſtrain the Eye 

too much. Therefore the Size of a Lens for Spectacles | 

is not required larger than the Eye; but that of a Read- 
ing-Glaſs ought to be big enough to take in as large a 

Part of the Object, at leaſt, as is equal to the Diſtance I 
between both the Eyes. I ſhall treat of the Viſual 3 

Glaſſes in the Appendix. | | 

39. In the Reading Glaſs EC D the Object or Print 

Plate AB is always nearer to the Glaſs than its Focus F; 
XLIV. becauſe in this Caſe it is neceſſary the Image or mag-} 
Fig: 9. nified Print G H ſhould be erect, and on the ſame Side 
2 of the Glaſs with the Object; that is, the Diſtance J 


dis negative in the Equation — *. Hence the j 


Pencil of Rays AED, proceeding from any Point , 
will after Refraction through the Lens be divergent, but? 
Jeſs fo than before, and therefore will ſeem to come 
from a Point G. Thus alſo the Point B will be referr'd 
to H, and the Print at G H will be magnificd in Pro- 


13 of & C to AC. All which is evident from the 


1 


latter Part of the laſt Annotation. 
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and © „ali aun 5 the 

Image s of Objects on the Retina; if it hap» 
ns 1 * the Convexity of thoſe Parts 
10uld be more or leſs than juſt, the Focus 
Rays will fall ſnort of, or beyond the 
etina, and in either Caſe will cauſe indiſ 
nct Viſion. The firſt is the Caſe of ſhorts 


% 


ged. Bi: 

A purblind Perſm; havin g the Geng 
of the Eye and Cryſtalline Humour 

8 will Have the Rays united in a Point 


and conſequently the Images of Objects 
will be formed, not upon the Retina, (as 
they ſhould be) but above it in the Gla 
Humour, and therefore will appeat 
tinct or confuſed. 
| Tus Defect of the Eye is e 
Ways, vis. (1.) By diminiſhing the Diſ- 
| tance between the Object and the Eye; for 
by leſſening the Diſtan - of the-QbſeA,,the 
alice of the Focus and Image will be 


fighted or purblind People, the latter of on . 


ties they — the Bottom of the Eye, 


died two 


it fals on che Retina, ad 


39 


01 1 en“ bs 
appears diſtin&t. (2.) By applying a con- 
cave Glaſs to the Eye; for ſuch a Glaſs 
makes the Rays paſs more diverging to the 
Eye, in which Caſe the Diſtance of the 
Focus will be alſo enlarged, and thrown 
upon the Retina, where diſtinct Viſion wil 
enſue. 5 

Hence the Uk of n Specfacte J 
And the Myops or purblind Perſon, who 
uſes them, has the three following peculi- 
arities, vis. (1.) To him Objects appear 
nearer than they really are, or do appea 
to a ſound Eye. (2.) The Objects appear 
leſs bright, or more obſcure, to th than 
to other People, becauſe a leſs Quantity of 
Rays of Light enter the Pupil. (3.) Their 
Eyes grow better with Age; for whereas 
the Fault is too great a Convexity of the 

Eye, the Aqueous Humour, and alſo the 
Cryfſalline, waſting with Age will grow 
flatter, and therefore more = to View di 
= tant Objects. 
EL: . ., Tur other Defect of the Dp * nba 
a4 quite contrary: Cauſe, via. the Cornea and 
Cryſtalline Humour being too flat, as is ge- 
nerally the Caſe of an old Eye. This De- 
fect is remedied by Canbex Lenſes; ſuch as 
are the common SpeBtacles, and Reading- 


le. For fince the AY $A m theſe Eyes, 
g . 89 


Ber 
© 
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OrTics 


go beyond the Bottom of the Eye, before 
they come to a Focus, or form the Image; 
a convex Glaſs will make the Rays fall 


more converging to the Pupil, and on the 


Humours, by which means the focal Di- 
tance will be ſhorten'd, and adj uſted to the 
Retina; where diſtinct: 88 of O 
will then be effefted. _ 

By convex Spectacles Objects appear 
more bright, becauſe they collect a greater 
Quantity of Rays on the Pupil. And they 
appear at a greater Diſtance than they are; 
for the nearer the Rays approach to pargl- 


lel ones, the more diſtant the uin wil be 


to which they tende. * 


I -HAvE, already obſerved, cha if the 
Object be placed nigher to the convex Glaſs 


than its Focus, it will appear erect and 
magnified; which makes them of fuch 86> 1 0 


neral Uſe as Reading-Glaſſes, 


Ir an Object be placed in the Focus of : 


a convex Lens, the Rays which proceed 
from it, after they have paſs d through the 
_ Glaſs, will proceed parallel; and therefore 


an Eye placed any where 1 in the Axis will £ 


have the moſt diſtin& View 


poſible; and if it be a Lens of a ſmall 
focal Diſtance, then will the Object appear 


is much larger a as it is is nearer, than when 


ke; 
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of the Object 
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OrTiCs = 
you view it with the naked Eye. And | 
hence their Uſe as Single Microſcopes : To | 
give an Inſtance of which, ſuppoſe the 
focal Diſtance of a Lens were one Tenth } 
of an Inch, then will the Diameter or 
Length of an Object appear 60 times larger 


than to the naked Eye at 6 Inches Diſtance: 
Alſo the Superficies of an Object will be 
' 3600 times larger; and the whole Mag- 
nitude or Bulk will be 216000 times larger 
than to the naked Eye it will appear at the 
aboveſaid Diſtance (CXXVII.) * f 


(CXXVII.) 1. I ſhall here give a ſuccinct Account of 
every Sort of Microſcope, with reſpect to their Nature 
and Theory. Microscoyes are diftingniſhable into 
two Kinds, viz.” Dioptric by Refraction, and Catoptrie 
by Reflection; and each of theſe is either Single, as 
conſiſting of one Glaſs only, or Compounded of two or 
more. : ! 

2. A SINGLE Micxoscorz, of the Dioptric or Re- 
fracting Sort, is either a Lens or a Spherule. Thus if 
any Object a b be placed in the Focus c of a ſmall Lens 
AC B, the Rays proceeding from thence will after Re- 
fraction go parallel to the Eye at I, and produce diſtindt 
Viſion ; and the Object will be magnified in the Pro- 
portion of ſix Inches to the focal Diſtance Ce, accor- 
ding to the Example above.  -  ' ,' Þ 
3. Again; if an Object ab be applied to the Focus 
. c of a Spherule AB, it will produce diſtin&t Viſion 
, © thereof by means of parallel Rays, (by Annot, CXXVI. 1 

Art. 15.) and it will ene by A le equal toDCE, } 
and be WA Proportion o 15 to the ſœcal 
"Diſtance Cc from the Centre. And here it is remark- | 


able, that if the focal Diſtance of the Lens and Sphe- 
- + Tule be the ſame, the Object will be three times farther} 
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. 3 _ 20" 
| . Compound Microſcopes, eſpecially the 
common Sort, are conſtructed with three 


diſtant from the Lens than from the Spherule, becauſe 

C D the Semidiameter of the Sphere is 3 of Cc, the 

Diſtance of the Lens AB; conſequently an Object is PI.XLV. 
viewed by a Lens to a much greater Advantage than Fig. 3. 

by a Sphere, in regard to the Light, &c. 

| 4. A Single Microſcope of the Catoptric Kind is a 

ſmall concave Mirrour, as A DB, having the Object 

a b placed before it, nearer to the Vertex than its Focus 

F. In that Caſe the Image / H will be formed behind Fio 

the Speculum, very large, erect, and diſtin, as has * '& 4+ 
been already ſhewn, Such a Speculum is of admirable 

Uſe to view the Eye; for being turned to the Light, the 

Uvea or Iris, the Pupil, the Cornea, and all the viſible 

Part of the Tunica Albuginea, with the fine Ramifica- 

tions of the Blood-Veſſels, and Part of the Glandula — 
Lachrymalis, are all by this means greatly magnified, 
and rendered curious Subjects of our dight. 

5. Alſo if the ObjeR ab be placed any where be- 
tween the Centre C and Focus F of the ſaid. ſmall Spe- 
culum A B, then Will its Image / A be formed at a 
great Diſtance from the Glaſs, and may be made to . 
bear any aſſign'd Proportion to the Object, by placing 
the Object nearer to or farther from the Focus F : But 
for common Objects the Room ought to be dark, or 
the Object extremely Jucid, as a Candle, &. But 
more of this when I come to ſpeak of the Solar Mi- 

6. The next Sort of Single Microſcope is a Cata- 
dioptric one, which performs its Effect by Reflection and 
Refraction ; the Theory of which being curious, I ſhall 
give the Reader as follows. DBLH is a Globule of Fig. 6. 
ater; and it was ſhewn that an Object A a, placed 
in its Focus A, would be ſeen diſtinct and magnified by 
refracted Rays A BDE. (See Art. 3.) Now tis evi- 
dent we may conſider the Ray B D either as the re- 
fracted Ray of A B, or the reflected Ray of F B, the 
Angle CBF being equal to the Angle CBD; and 


Glaſſes, 


Fig. 5. 


* 


44 
1 50 


XLV 
Fig. Bo 


: | Oris. 


Glaſſes, vis. the Object-Lens d e, and two 
"am DE and GH. The Object 


ſince in each Caſe the Ray BD is at D refracted into 


DE parallel to the Axis G K, it follows, that diſtinct 


| Theorem- 


=f===> = =” 5 r=IF; ben tF on 31. Alſo it 


Viſion will be produced of an object F/ placed in the 


Focus by Reflection F within the Drop, as the Object 
Aa in its Focus A by Refraction without it. 


7. In order to determine the focal Diſtance IF by | 
Reflection from the Concave B I z, for converging Rays 
Db, we have HK = 4 HC, or 4IC, (by Annotat. 


CXXV.) 9 IK = 21C, that 13, 4 = 2 r, in the 
= = f, (in the ſame Arn tation. ) All 


72 7 


becauſe the reflecting Surface is here concave, and the 


Rays converging, the Theorem will become Dar 


TE 


has been ſhewn that A110, 7 213 and 


therefore CF: CA:: 233 i fete 


8. Ard ſince the ARS Obje& will appear as much 
larger at F than at A, as the Angle F Cf is greater 
than AC a, or the Diſtance CA greater than CF, 
it follows that an Object in a Globule of Water ſeen 
by Reflection is magnified 35 times more than it would 


be in the Focus A by RefraQtion. . Suppoſe then 


CA == of an Inch, Tho will \ J of an Inch; 
and therefore, fince- 6: :: 100: 1, it appears that 
the Diameter of an Object at the Focus F is ſeen 100 
times larger-than at the Diſtance of 6 Inches from the 
Ey e. 
9s Ina Glass Globale, HK. =3 et K = 8 5 r= 3 and 
RET 


| 555 eren = I; += IF; ; whence 


— 


, 
CF Jr. And becauſe. I A235. e have CA 
Ar; conſequentiy, A n 
tliat is, an "Object is magnified 25 times more zt the 
1658 ocus F e han at che Focus A withour a Glaſs 


ot 


Or rles. 


abc being placed at alittle more than the 
Focal Diſtance from the Lens ge U have 


| Globe: [Ire hence it appears, that . Globes of 


Glaſs and Water magnify by Reflection in Proportion 
of 21 to 33. Alſo. becauſe CF = in Water, and 
CA=3 when; the ſane Globe is Glals, it appears 
that Objects are magnified in the Water Globule more 
than when ſeen through the Glaſs Globule | in the Pro- 
portion of 2 to 3, or 22 to 1. 

10. A 'DovsLz. Mickoscorz is nb of two 
convex Lenſes, viz. an Oles and an Ocular Lens. 


The Object Lens is d f, placed a little farther diſtant Xl iT 
from = Object a h, that its focal Diſtance ef; be: ig. 7. 


cauſe then its Image A B will be form'd at the required 
Diftance e C; and as e c: e C:: a b: AB. It this 
Image A B be view'd by a Lens D F placed at its focal 
Diſtance from it, it will appear diſtinct, l * 
Rays will thence go parallel to the Eye at J. 

11. Now the Object ab and the Image AB an 
pear under equal Angles from the Vertex e of the Lene 
df; that is, the Angle acb Ae B. But the Angle 


under which the Image is ſeen from the Vertex E of 


the Eye Glas DE is BEA = DIF; therefore the 
Image view'd by the Eye-Glaſs is to the Object view! 
by the Object Lens, as the Angle B E A to the Ang 
BeA, oras Ce to CE nearly. - Suppcſe CEE - 
Inch, and Ce = 4 Sches, then will the Object. be 


magnified 4 times in Diameter by the means of the Eye- 


Glaſs D F; but it is niagnified by the Lens df in Pro- 
portion of 6 Inches to e c, that is, if ec= 1 Inch, 


ſix times. Wherefore by both the Glaſſes the Diame- 


ter is magnified 4 X 6 = 24 times. 


12. But in this Caſe of a fingle Fye Glaſs, _ vi- 
fible Area (call'd the F.eld of Vie to] though larger than 
in the Lens d e alone, yet is not ſo large as it may be 


render'd by the Addition of a ſecond Eye Glals, as 
GK; for by the Lens D F alone the viſible Area is 
equal to the Aperture of the ſaid Lens, becauſe no 
more of an Object 6 or its Image can be ſeen than what 


its 


f 
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46 _ _, Oxrxev 
its Image form'd at a greater Diſtance on 
the other Side, and proportionably large, 


as 


is contain'd between the Rays Dd and F parallel 

to the Axis; that is, the viſible Part of the Image is 
df= DF, and is ſeen under the Angle D LF, (L be- 
ing the Focus of the Lens DF, or LE = CE) and 
this is call'd the Optic Angle, or Angle of viſible Mag- 
nitude. 

13. But this Angle is greatly increaſed by the Ad- 
che dition of the Glaſs G K; for let a K and b G be the 
XLV. _ Axes of two Pencils of Rays which come from the e 
Fig. 8. treme Parts of the Object a and b, and falling diverg- 

ing upon the Lens G 2 are refracted by it towards the 

Point O in the Axis oſ the Glaſs produced. But in 

their Paſſage they are intercepted by the Lens DF, 

which refracts them to a Point I nearer the Lens chan 
the Focus L; and therefore the Angle DI F is greater 
than the Angle D LF, and conſequently a larger Field 

of View is by this means obtain d. 

14. To find in what Proportion the Angle DIF is 

reater than DLF, we muſt confider e as a Radiant 

WE whence the Pencil of Rays Ge K diverges to 

the Lens G K; then if He = d, H a= ur Radius of pe 

the double and equally Convex Lens G K, we have 


= -= =y = = H O the Focus after Refraction ; and J 


HE p, then y — 2 EO=4d= Diſtance for con. 


0. 0 


= 
I] 8 


9 


— 
22 


22 MA 


verging Rays K F and G D. And let r = Radi © 
og. the double and Ke var CONVEX Lens DE F; then ir 
3 2g BY N pa 
r kl FEED - Wherefore LE: TE: it 4 
bs 4 . | thi 
| as ARG cer DET E.., 1 AG Ag W 
r EEE To is 

rr ä 4 


g when the ſeveral Quantities a,r,p, r. are given, th 
\ 


* 


as at MN; which large Image is contract. 
ed into one ABC ſomewhat leſs, by the 


ge DIF io given all | 
15. For Example; Ren e wn 265 1 1 
=3 5, p=HE=2, and r =EC = Ei 53 then 


; Fore? » 9, 33__ 
y= IT, 333 therefore—T—5— = 105 =0,86= :1E. 


1,5. Therefore the viſible Area by the ſingle Eye- 
Glaſs DF will be to the amplified Area by both the 
Lenſes GK and DF, as the Square of o, 86 to the 
Square of 1,53 chat is, as o, 7396 to 2,25, or as 
7396 to 22500 which Augmentation in the Ratio of 
3 to 1 nearly is very conſiderable, and affords great Ad- 
vantage and Pleaſure in viewi 

16. The magnifying Power of a Compoumi Miero- 
ſcope-is thus computed : The Angle under which the 
Object a b appears at the Diftance of 6 Inches, is t6 
that er which i it appears when ſeen through the 

df, as ec to 6; wherefore the firſt Part of the com- 
pound Ratio of he magnifying Power will be ©, W 84 
17. Let He be the focal Diſtance af the L AK 
with the Radius H c deſcribe the Arch c a, and draw 
aH; this will be the Axis of all the Rays which, go 
from the Point a to the Lens G K; 5 ye the 
Ray a K will after Refraction be 
i. e. the Ray K G is parallel to c H; therefore the I 
of the Objet being in the Focus: c.of the Lens . 
will be ſeen under, the Angle K OH, which. is equal.to 
the Angle a H ez but it is ſeen from the Lens df under 
the Angle a ec... But the aHc:;agciec:cH. 


is that of e e to c H, ot Az. 


and with the Radius EC deſcribe the Arch Ce; then 
lower 


Ratio of the Angle DL F to that of the amplified Aa. 


Therefore the Angle DLF: DIF ::1 E: LE:: : 0,86: 


parallel to the Axis, 


Wherefore the ſecond Fane of che RAW * ads : 


18. Laſtly; jet C be the Focus of che Lena DE, 


47 


x» 2 
L 
l 


viewed by the Eye through the upper Eye- 


dion Abe - HY et Woodie HE LES Yee. rr #70 1 wr 
© A ” * nn... * * 4 = 
* * PER *2„ 2 F 


Or rice 
Bye-Glaſs DE; and this Image is 


| will E be, the Axis of the peneil af; 8 proceeding 


from the Pointe to the Lens D F, of which F being 


one, it will be refracted into F I parallel to E; an 
ſo the Angle FIE CE. But FIE is the Angle 


under which the Image is viewed through the Lens 
D F, which is to the Angle COA as CO CE, 
Therefore the * and laſt Part of the 2 for mz 


niyin CO, | | 44 32 e 8 
} ; 8 f 5 „ 143 1 : SG 
JF 


Pe 9; If now we compound wk 3 Parts of the Ra 


18 . found into one, it will make the Ratio of 


CO 6 


TEX Ade to 1. For Example, let ec 2 I an 


Inch, cH = 32, ec=2, CE 143 chen HE 
2, and HO= 11,6 5, we have GO 10,66 ; TROY 
the above Ratio in Numbers will be N 


3 1 Th 6: 7 " i {1} 381 
— 5 = 40, 97. : Therefore the Diameter of any Otjed 


A --: 
0 N near 41 times by ſuch a Compound Mi- 
0 
20. If this Cuechuon be engurred Foto; bye tall Find 
bat the Glaſs G'K diminiſhes the magnifying Power, 
'which is greater | by the Eye-Glafs D F alone, and more 


diſtinct. Thus in Fig. II. of the large Plate XLVI. if 
the lower Glaſs D E were taken away, the Rays would 
Eo on and be united in a Focus at the Points M P, N, 
and there form an I. of the Length MN; but by 
replacing the Glaſs 5 5 we ſhall 7 8 the large Image 


MN contracted into a leſſer n. Now this larger 


Image MN may be conſidered as formed by the Lens 


DF at a negative Focus from an Object n, whoſe 


Diſtance F B is leſs than the focal Diſtance of the ſaid 
Lens: All which is eaſy to underſtand - from the bre 
dein 1 * 8 Prics. 4 ©) mol. ; vill 


LEE | = A eib: ; 1 
1 ts ct 


„ * 2 
185 5 i k 


{wie a f 


reren 


tu cw „e A 


7M |; I) 


Glafs G H; where it alſo diſtinctiy views 


one. For ace the Focus Fi is regutive, or 


1 


Or T7 ries; * 


, 


the W p 9. Paſſing ouer a mi- 


ai. Now . MN +: bf: FP; and driwing „„ 
and N F, we have MN: un i: F p: F B, becauſe the 
Odject and its Image do in every Caſe ſubtend the ſame 
Angle from the Vertex of the Lens, as was ſhewn be- 
fore. Since FP is given, ſo alſo is F B, from the com- 


mon Theorem 7— 2, ſur .n double and equally 


1 77 =, for a kuss come br tg 
dr. FRY +4 

. 

—f=FP, therefore dr =— df + f; and 388 


if=rf; A+ * and TE 


2, in à Plano Convex. 
22. It is evident from the Scheme, chat no > mord of 
the large Image M N, or of the contracted one m cart 
be viewed through the Eye-Glaſs HG, than what is 
contained Between the perpendicular Lines' HC 'and 
GA; and that therefore 'a much greater Part of the 
Obj ect dan be ſeen in the Image mu, than in the Im 
MN, which is wholly owing to its being contracted” 
4 large Lens DE; and this is all the Reaſon of its 
ſe. 


23. The next Sort of Microſcope T ſhall take noe pl. xv 
of is a Catadioptric one, i. e. ſuch an one as performs Fi F 
its Effects by R-fletion und Refradtion jointly; for it is 8 F 
conſtricted with 'a ſmall Object Speculum fed, nw 
Focus is at F; and it has been ſhewn; that "A a ſma 
Object a b be placed à little farther from _ —— 
than the Focus f, there will be formed a lar 
thereof AB; Which Image will' be inve ad f in 
Proportion to the Object as the Diſtance Ce to the Diſ⸗ 
tance e, as when an Object Lens was uſe. 
24. Part of this Image is viewed by an Eye-Glaſs 
* D, which is or ought to de a 3 as here re- 


Vor. III. W __ nute 


convex Lens; 3 or 


$9 


— 


Qari 
nute Pakt of the Image in meaſuring it. 


But what is farther neceſſary in the Theory 


preſented; becauſe the Image R formed by Reflec- 
tion, it will be more perfect, and admit of a deeper 
Charge in the Eye-Glaſs DF; and thoſe of the Me- 
niſcus Form are beſt for this Purpoſe, becauſe the Errars 


of the Rays, and mne the Confuſion cauſed 


thereby, in the Refraction made at the convex Surface, 
are in a. great meaſure rectified by the contrary Refraction 
at the concave Surface, as is eaſy to underſtand from 
what has been ſaid. of refracted Light, Annot. CXVII. 

25. Another Sort of Catoptric or Reflecting Micro- 
ſcope is conſtructed with two Speculums, a bed and 
AB C D, with a central Hole in each. The large Spe- 
culum is concave, the other convex, and both of equal 


| Sphericity. They have their Focus at one Inch Diſ- | 
tance, and placed at the Diftance of 12 Inch ſrom each 


other, that ſo an Object O P Q, being placed a little 
before the ſmall Speculum, might be nearer to the large 
one than its Centre E. | 


"46, Thi being eh Caſe, th Rays PA, PD, which 


flow from the Point P to the Speculum A D, will be 
reflected towards a Focus p, where an Image g would 
be formed, if the Rays were not intercepted by the con- 


vex Speculum a b; and the Point p being nearer than 


its Focus f, the Rays A a, D d, which tend towards it, 
will be reflected to a Focus P, where the laſt Image 
P will be formed, to be viewed by the Eye · Glaſs 
G, tranſmitting parallel Rays to the Eye at IJ. 

27. The Power of magnifying in this Microſcope is 


thus eſtimated. (1.). The Object OP ſeen from, the 


Vertex V. of the e > is to the ſame ſeen at 
the Diſtance of 6 Inches from the naked Eye as 6. to 
; 


VP, or as Vg.  (2.) The firſt Image o 5 9, (to be con- 


VS | | 
ſider d now as a virtual Object) ſeen from the Vertex V 


| of the Mirrour A D, is to the ſame ſeen from the Vers 


tex v of the Mirrour ad as vp to Vp, or as 5 7 
„ GRE 43 „„ 8 F 4 3 V 


and 


* 


Re BY 


oo Oo TT Gy - Wor... 


e OA aA 99 aries od. ae 


Orr © 6 * 51 
and Str ucture of theſe Microſcopes may be , 
found in my Mi * e together 


(3) Laſtly, the Image OPD, ſeen from the — 
of che Speculum a d, is to the ſame 9 through the 


Fye-Glaſ G, as G 4 to P v, or as xr 23 Where the 
Vp Þ 
whole magnifying Pomer, 18 a8 . Vp * 25 2 575 EY 0 I. 
This Contrivance we owe to Dr. Smith of Cambridge.” b. 

28. But a better Form and ealier Method of con- 
ſtructing a Catoptrie Microſcope, with ue reflecbing 
Mirrours, is that which follows: ABC DEF is a Plate 


Cafe or Tube, in one End of which is placed a con- XLII. 
— | LY Speculum G, with a Hole IK in the Middle; Fig. 10. 
a Centre of this Speeulum is at c, and its focus at Q, 

2 ſo that VO=OMe. At the open End of the Tube is 

7 placed a ſmall convex Speculum def, on a Foot ef, 

. by which ir is moveable nearer to of farther from tie 

1 larger Speeulum, G H, as Occaſion require. 

e bo If now an Object a b bo poſited in the Centre e 

d of the large Bpeeulum, the Image thereof 25 will be 

— formed In: the ſame Place, as has been ſhewn already; 

n and this Conſideration is all the Reaſon of this Form of 

t, a Microſcope; for, if now we look upon the Image 23 

e as an Object nearer to the convex Speculum d f than its 

is Focus f, tis plain a larger Image A B will be farmed _ *” 
| thereby at te Focus C; or that Rays eG, cH, pro- 


eceding from an! Peiat e in che "Object ab, will be 
reflected baek themſelves, es being perpendi- 
cular to the Specuſum; dut the refracted Rays meeting 


with, or impin S ny the-conven Surface of the Spe- 
5 vulunth df, will tend to a Point c, nearer than 
5Þ the Focus f be veflected to a Foous'C, which is won 
th by the Theorem; 2 = ſl (Audi. XK V. > ih 
Pp 30. For in this Caſe f e c, and d æ e C; and fine 


dr =r fo 24f, we bee = 4. Thus if we 


5 Dt E 2 > ns 


5 the ſmalleſt Parts of natural Bodies; and here I ſh 


plate 


XLVI. cular Plate X, of a Screw go, and its Index gr. The 
Fig. 1 2. Threads of theScrew ave ſuch, that 50 make the Length 


Or rI cs. 


with a large Account of all Kinds of Ms. 
eroſcopic Ogjects, and a Deſcription. of the 


put the Radius of the'ſmall Speculum r = 2 Inches, 98 


Ef =1 I, andletec=f=0S; _— rr ge = 


= 16 _ = 4 Inches =e ©; and ab: 4B: „8: 4 * 


5 
11 5. or the Image 4 B will be 5 times longer than 


the Object a b. This Image A B is viewed by the MA.. 
1 ſcus Eye- Glaſs L M, whence ttis eaſy to obſerve that 
this Form of a Microſcope i is the ſame with that in Ar. 


ticle 23, 24. only there is but one RefleAion, and here 


is two; and there a ſmall Concave was uſed, but here 


MM Convex; ; becauſe by this means the Inſtrument is 


7 2 by twice the focal Diftance e f nearly, which is 

nſiderable, as being ; Part of the whole. 
; 3h 91 ſhall ſhew in the next Annctatiom how both theſe 
3 may be had very conveniently in the re- 
flecting Teleſcope, and conclude this with an Account 
of the Nature and Uſe of the Micrometer for meaſurin 


not take Notice of the ſeveral uncertain conjectural Me- 
thods deſcribed by others, but only ſuch as I uſe in m 
own Microſcopes, which is firictly pen, and 
gives the Meaſurement abſolutely. 

32. The MicROMETER conſiſts of a graduated cir- 


of one Inch exactly. When it is to be uſed, the Point 
a is ſet to the Side of the Part to be meaſured, and then 


the Index is turned about with the Fi inger, till the Eye 


perceives the Point has juſt paſſed over the Diameter of 
the Part; then the Number of Turns, and Parts of a 
Turn, ſhewn b dy the graduated Circle, will give the Di; 
menſions in Parts of an Inch, as : ſhall ſhev by the 
following Example. 

33. Suppoſe it required to meaſüre the Diameter of 


nn human * and Loblerve the Index is turned juſt 


* 


. ; 
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Orrs 
Solar Microſcope. Vet, that the Reager m ay 
have an Idea of the #0 new Forms of Mi- 
croſcopes deſcribed in that Book, I have 
here annexed the Plates, vig. of the Pocx kr 
and UNIVERSAL MiIcROScOPE reſpectively. | 


THe TELESCOPE is. of two Sorts, vis. 


53 


Diopiric, or Refracting; or Cata-Dioptric, plate L. 


Glaſs x z, by which the gy Fd of an 


once round while the Point palſes o over it. Then,” tis 
plain the Diameter of the Hair in the Image is 7 of an 
Inch. Now if the Microſcope magnifies 6 times, 'or 
makes the Image 6 times larger in Diameter than the 
Object, then is the Diameter of the Hair itſelf but 2 of 


| +, that is but 108 Part of an Inch. 


34. Alſo it is to be obſerved, that as there are ten 
large Diviſions, and twenty ſmall ones, on the Micro- 
meter Plate, fo each of thoſe ſmall Diviſions are the 25 
of z or the 10e Part of an Inch. Therefore, if in 
meaſuring any Part of an Object, you obſerve how ma- 
ny of theſe ſmaller Diviſions are paſs'd over by the In- 
dex, you will have fo many 10codth Parts of an Inch 
for the Meaſure required. All which. is fo plain, that 
e e be ſaid to illuſtrate the Matter. 


Plate XL VIII. I have given a Print of e 


From of my New PocktT-Microscors furniſhed 


with the MicRomETER above deſcribed... This Micro- 


ſcope is of the moſt ſimple Structure, moſt eaſy and ex- 
peditious for Uſe, and comes at the leait Price of any 
hitherto. invented of the compound Sort. But for a par- 
ticular Account of its Theory, and alſo of another, in 
a large and moſt elegant Form, moveable! on a Joint, 

and fitted for univerſal Uſe;. I muſt refer the Reader to 
2 Treatiſe I ſhall ſoon publiſh on that Subject; alſo to 
the 3 to this Lecture at the End of this Volume. 


E 3 Odject 


by Reflection and Refraction conjointly. A Fig. 8. 
;fatting Teleſcope conſiſts of an Object- 


OrT1cs. 1 
Obj 68 OB, at a Diſtance, is formed in of 
ee e of the ſaid Glaſs, and in an ind 
verted Poſition. This Image may be view al 
by a fingle Lens 26, placed at its Focal 
Diſtance, as is uſually done for viewing 
the heavenly Bodies, becauſe in them we 
regard not the Poſition: But for viewing 
Objects near us, whoſe Image we would 
have erect, we muſt for that Purpoſe add 
a ſecond Lens pq, at double its Focal Difal 
tance from the tn that the Rays which 
come from a 3 may croſs each other in the 
Focus Q, in order to erect the Image g 15 
which it will form in its own Focus m, be- 
cauſe the Rays come parallel from the firſt? 
Lens 46. Laſtly, a third Lens i c is added, 
to view that ſecondary Image gn. Theſe | 
three Lenſes, or Eye-Glaſſes, are uſually of 
the ſame Size and Focal Length; ads the 
Power of magnifying is always as the Fg. 
cal Length of the Object. Glaſi e w divided by 
the Focal Length of the Eye-Glafs Im or he. 
For inſtance: Suppoſe e w = 10 Feet or 
120 Inches, and be or Im = 75 Inches; then 
will the Length of the Object appear ta 
the Eye through ſuch a Teleſcope 40 

times larger than to the naked Eye; and 
its Supface will be magnified 1600 times, q 
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NY (CXX VII.) r. Fhe Nature and StroQureiof-a coms 


evident from the Figure, that T ſhalt ſay nothing farther 
relating to its Compoſition, but ſhall-proceed to ſhew 


from the different Refrangibility of common Light, and 
not from the ſpherical Figurs-of the Glaſs, as the Opti- 


by introducing the M of grinding and poliſhing 
laſſes of the Figure of one or other of the Cnic 
2. But this great Fhiloſopher ſoon ſhew'd them their 


Figure of the Glaſs was many hundred times leis than 
that which proceeded from the unequal Refrangibility 
of the Rays, and was fo ſmall as to be altogether incon- 
ſiderablez and this he did by an ele2ant Method in his 
Lefticnes Optice, which I ſhall here tranſlate from that 
admirable Bort. FATTY my 
3. Let NB M be a ſpherical Surface, C the Centre, 


Rays, AN art incident Ray, and NK the ſame re- 
ſracted, cutting the Axis CB produced, in the Point 
K; and let F be the Solar or principal Focus, where 
the Rays meet the Axis which are infinitely near to the 
Axis. The Error K F is now to be determined. 

4. Let fall the Perpendiculars C E upon N K, and 
NG upon CK, and call CB=a, GB =x, and CK 
=2; and from the Nature of the Circle we have NG* 
=2a*—xx, to which add G K*=(z— «a+ * 
z TZ 2 T＋AN - 241 ＋ a, and the Sum will 


A . 


be NR = 24-222 Sam; + 
5. Now ſince NG: CE: I: R, oz. as the Sine 


fimilar Triangles CE RK and NG E, it is NG: CE 


the Imperfection of this Teleſcope, and that ir arifes 


55 


mon e is above deſcribed, and is ſo 


cians before Sir Iſaac Newton's Time imagined, and © 
therefore propoſed to bing them to greater Perfection 
et! 


Miſtake, by proving that the Error ariſing from the 


* 


Plate 


CB the Semidiameter or Axis parallel to the incident XLVII. 
E Fig. 1. 


of Incidence to the Sine of Refraction; and becauſe of 


NK: CK :: I: R; therefore l.: R. :: (NK*: CR) 


2 ＋ 2x 2 — 242 ＋ 4 2˙; and a= 2 + 


E4 „ 


Orac 
— of « car Eye-Glaſs we ſhould 


uſe a Concave one of the ſame Focal. 1 


7 


* 


| 1 X R*, and by Reduction zz = 
8 * wc tf „ ” 12 * ot wat r | 


5 7 
= 1, : we have z 


A and — the Square * — 


R* a 
of 145 — N. —1 ; and extracting the Root, 2 . + 
e 


V $$ — r ; whence by Subſtitution we re have) x=' 


R. a—R*x+R 


RT — — 

1 And, reducing the radical Part to an infinite Se. 
ries we have — 2 2 
T1 15 e TI K=1 = CT 2 


Sc. Now when x = 6, n whence 


CF—CK=KF= r HE ＋ = · . which is 


the Value of the Error required. on” 
[20 Hence when BG or ' is exceeding fall 7 


= K F nearly, becauſe in that Caſe the other Terms, 
where the aſcending Powers of -x are found, become 


extremely ſmall, and. _— in dab to the firſt wo 
where x 1s ſingle. 


8. Again; putting NG= =y, We have g T. 


| AR. 21. 
| =K F nearly ; for NG*= =BG x BCT "CG=BG 
X2BC nearly, (from the Elements) har 16, 5 =2ax 


pear, 1 2 . If wen lor x in the Equation of 


| 
| 


O x T1 Sk > © 
it would repreſent the Object erect, equally 
magnified, and more diſtinct and bright : 


the 10 Kull we ſubſtitute i its s Value 2 5 * gives: the 


Equation en in e 

9. Hence alſo it follows, that the Ala KF; is wa 
as the Sogitta or Verſed Sine G B, or the Square of the 
Semichord N G. 


10. If the Ray ANR ve given in Poſition, and an 


be any other 9 Ray nearer to the Axis, and on 


the other Side; of which let n be the refracted Part 


cutting the N in &, and the refracted Ray NK in Q, 


and from Q draw * perpendicular to the Axis: Then 
will the Line K become greateſt of all, or a Maxi- 
mum, when the Ray a n is about half the Diſtance = 

the Ray AN from the Axis. 


11. F. on draw n perpendicular tq the Axis, and at 
n=, i= OE=/, and K F and ſince, 
6 Art. 9, we have NGL. ng*::KF:4F, ory*: 


5 65 _ =4F, therefore KF—4F=K þ=b— 
bo e 


< Ms Moreover, GK: GN; K: Qs; wherefore 
1 Alſo gn: : GK e nearly) : . 12 


7 


27 8 , 


IIs 1 to 1 32 33 we muſt make | 


N 


its Fluxion = ="5, that is, 5 =— e; 
hence wy 2 ba that 3, by=2by, 
| " 2+..4 co 


Es. 


* 
2 
; *% 


1 * ; and dividing _ E +5, _ — he = 


"ew 


-N ; 2 
- F 
* 
< 


| it admits of but a ſmall Area, or Field of 


ox (= N21) GN(= 5); K* =1KF= 


E 


are refrafted interſecting each other in the Point P, then 


„ One 
he Diſadvantage of this Glaſs is, that 


r2V=), or ang NG, when or E. is greateſt 


14 Therefore K o, when a} is * to about 


3 of K F; for if in the Equation exprefling the Value 


of! s (in Ariel: 13.) you write 2 v for y, there will ariſe 


3 ws th 


15. Alſo becauſe CF—=CB=BF=GK neatly, 


therefore G K 2 12 Whence fince 


Et; 7 fol l 


e e eee 

FI F: —) i Q. 8 Ea 

3 Arch B M be taken equal to the Arch 
BN, and B m BA, and Rays incident on M and m 


tis evident PQ = 712 it and it is alſo plain, that 


all the Rays which fl on the Curve betweenN and M 


are fo refracted as to paſs through the Space PQ, and 
that the ſaid circular Space P Q is the leaſt poſſible in 
which al the Rays can be congregated ; and therefore 


that this Space is the Focus or Place of the Image of 


an Object, which ſends parallel Rays upon the whole 
Surface of the Lens NBM. 


17. For no Rays can be refracted without this Beers, 
becauſe ſince Q is in a given Ratio to K 2, it will be 


at the ſame time a Maximum with it; and therefore the 


Point Qis the moſt remote from the Axis, in which 
any of thoſe reſtacted towards F can poſhbly interſect 
the external Ray NK. Neither can the 4 refracted 
into a leſs Space, becauſe the Rays MK, N R, cut the 


external Rays ak and m4 in tbe Points P and Q,, by 


'which the Space P Q is terminated. 


18. If the Aperture of the Citele (or Lens) NBM 


increaſed or diminiſhed, the lateral Error PQ will 


3 4 


View, 


2 . 3 


cd . % «dd be bay 


S. a & 


ore 


View, and therefore not to be uſed when 


we would ſee much of an Object, or take 


be as 53, or as the Cube of * Aperture 


NM. Alſo, if the Aperture of, the Lens remain the 
ſame, the ſaid Error P Q will be reciprocally as aa, or. 
az CB?, and therefore as B F-, ſince C B and BF are 

in a given Ratio. But if neither the Magnitude of the 
Circle — of the Aperture be conflant, the Error P 2 


will be 282 - or as 


5 . „sis evident ſrom its Value 


: £7 ts 
Les 725 wherein the N is conftant, and there- b- 


Fg omitted. Thus far Sir lſaac. 
19. In all that has been ſaid in the preceding Aus, 


the Quantity of the Error is, and in what Proportion it 


varies, that ariſes from the circular! Figure of the Glaſs 


only in refracting the ſame Ray as it is nearer to or far- 
ther from the Axis. And therefore we are to underſtand 
that the Rays here meant are homogeneal, or all of the 
ſame Sort, and which admit of no Error from a diffe- 
rent Refrangibility. 5 

20. Hence we are able to compare the Ereors ariſing 
from the different Refrangibility of the Rays, and from 
the ſpherical Figure of the Glafs, (ſuppoſing it a Plans 
Conu x, as it commonly is) in a Teleſcope of any given 
Length. For Example : In a refrating Teleſcope af 
100 Feet Length, that is, where BF =2BC=2a= 
D = Diameter of the 1 i ꝛco Inches, y= NG 


= 2 Inches, and let I: R:: 20: 31 out of Glaſs into Air. 
Then will the Expreſſion for the lateral Error from the 
Figure of the Glaſs — ee - Be} a Bd bo. 


47a 1 eee e | 
_96r 


* <a p 1 
21. The Diameter of che little Gen — gh bak 
the Rage are ſcatter d by "_—_ Roſrang)bilicy i is about 


in 


* 


we are to underſtand Sir Ljaac' 5 Deſign i is to ſhew What 


OrTics. 


ina great Scope ; but it is uſed to great Ad. 


Plate 
XLVII. 
Fig. 2. 


fracted Ray N is the reflected Ray: And here alſo NG 


| =1x=!GB nearly; 15 becauſe yy= 2 a x neatly 


 Libility of the Rays as — 


4 = N2 8 


* Sarellit 


vantage in viewing the Planets and their Sat 


the 5 5th Part of the Breadth of the Aperture of the 
Object-Glaſs, (as we have already ſhewn) that is, in 2 


the preſent Caſe, a 55th Part of 4 Inches, ors, 75 
Wherefore the Error ariſing from the ſpherical Figun M36: 


of the Glaſs is to that ariſing from the different Refran MWhher 


— — to — 2 „ that is, as 1 to 5 & 
72000000 55” 166 


5449; and therefore being in compariſon ſo very ſmal, y? 
deſerves not to de conſider di in the Theory of Tels 4a; 
ſco 8. 

: 5-92 Let us now fi, according to Sir Iſace „Method fed 
what the Value of his lateral Ecror P Q is in Rays re-We.-c 
flected from a ſpherical Surface, where every Part is de. 
noted by the fame Letters as before; only now the re · ¶ face 


=2ax—xx, and GK'=(a—z—x=) 41 — hs 
2ax—2az+ x Þ2zx+ zz, as before, (A. 


ticle 4.) therefore NG + GK* =NK* =a* — 2 az feet 


+ 2xz+2z=zz; becauſe NK =CK, from the bag 
Law of Refletiion, 'Whence a 242 — 2 x K, and . 


2 


therefore a = =CK; but CF, ther 

TY 8 
fre RO r K —£—. TE 
EE nd Lg, | 


23. Hence, 2 x is Te RO ſmall, F K 


{fee Article 8.) therefore 75 =!x=FK; and henc: 


it appears, that the Error K F is always as x or the 
verſed Sine G B, or as 55 » Of F Square * the Sine 0 
Semi Aperture N G. 8 


n 


8 l tes, Saturn's Ri ng, Jupi ter Belts, &c. 
This is called the Galilean 7. elgſcope, from 


24. gain; every thing i in 4rt. 10, 11, 12 and 
14, is the — here as there; and e Ko= KF 


2. And becauſe G K is nearly equal BF 4 a, 


dere, GK: GN:: K: Qs; that is, 1 yE 
1 ee Qo ; conſequently 2 Qe= — 1 


26. 844 


2. 2. . 
1275 
25. Ai we put a= 
feQing Sphere N BM, we ſhall have P 
fracting Surface or Lens, 0 Lin the 1 


Rey 


-BC= = Radius of the re- 
in the re- 
ting Sur. 


WO 
face or Mirrour, as Ir to Fe Bos or (if a) a3 J Tr 


to 1, chat is, as 2,4 to 1; ſo that the Error by Refrac- 
tion is near twice. and a. half greater than that by Re- 
fection, n the Radius Is a re is the ſame in 
both. 


26. If the Medium has * or the Ratio of I wk, 
and alſo the Aperture N | 2=27; a; m4 Error by 


Reflection i is to that by Refraction as — — to =— Hence, 


ſince if the focal Diſtance of a 1 898 Teleſcope and 
a wh ns 9— be equal, we have 4 4a, Yap r 
wh —to 15 as — 


—to1, it appears that the Error Pin 


the is Ni ctür is to that of the Reflector as 16 1 to 1. 55 

27. Again; it appears, that in the Reſlertor, as well 
as the Refractor, the Error is (ceteris paribus 7 propor- 
tional to y, or the Cube ve the Aperture of the Ob- 
ject-Metal NBM. 


28. Laſtly, we obſerve in the refracting Teeſcope, 


if the Radius CB= a, and Lenin el NG 6 
b. ven, the Error PQ vill b be as f P. Henes, if che 
e Galilo, 


** 
* 


62 


Galileo, the Inventor, and is the firſt Son 


7 5 Len be Glaß, we bene f == % Xa 0 1 4 ; and f 


Plate 
VII. 


g. 3. 


Fig · 4. 


to * in a 8 0 cæter is ee ) as 24 t0 


i 


Dried 


of Teleſcope ever made. 


. 
the Lens be Water, we dere 1 txt = Ln 
T herefore the Error by Refraction in 4' "Glaſ-Lens 3 


£1 © 4 


tios of ln and- Po fre they 8455 Bad 
Geometry that an Aberration of 155 from the princiy 


the Glaſs, and that was always leſs of courſe as the 
Curvature was leſs; and ee ee if N BD; EBF, 
O BP, and OBR repreſent the curved Surface of 4 
Circle, an Ellipfis, a Parabola, and an Hyperbola, whole 
common Focus is C, 'tis plain, if a parallel Ray AN 
be incident on each of theſe Curres in the Points N, a, 
b, c, the Aberration or Error cauſed in the Ray. by Re. 
fan! in each will be as the Curvature is leb, or a 
the Radius af Curvature in the Points N, a, b, c, in- 
creaſes 3 and it bas been ſhewn to be as the Square af 
that Radius inverſely. (See Art. 18 and 26.) Conſe- 
quently, ſince the Aperture and principal Focus is the 
ſame in all thoſe Lenſes, the Errors of the Rays v will be 
leſſened in each of them xeſpeQively. 
ing Tele- 
igure of 


a But if the ImperfeQion, of the refraQ 
0 
ws he Glaſs, Sir Iſaac Newton propoſed a Remedy without f 


cope had been owing only to the ſpherical 


e N Canic Sed ions, which was n 


the Objet-Glſs of two Meniſcus-Glaſſes, with Water 
between them. Thus let ADF C repreſent the Ob- | 


jest · Glaſs compalgd of two Glaſſes A B E D and BE 


FC, We © convex pn the Outſides AG D and CHEF, 
ci: 


wel 
_ 


* tn wy.) APs. * 2,5 = 3 < 


OrrTics 
Tux Cata-dioptric or Reflecting Teigſcape 
is the moſt noble and uſeful of all. others; 


and 0 concave on the Inſides B M E, B N E, with 
Water in the Cavity BMEN. © 

31. New let the Sines of inckabnee a Refraftion 
out of Glaſs into Air be as I to R, and out of Water 
into Air as K to R; then out of Glaſs into Water they 
will be as I toK, ( Annor. CXVII.) And let the Dia- 
meter of the Sphere to which the convex Sides are 
ground be D, and the Diameter of the Sphere to which 
the coneave Sides are ground be to D as the Cube Root 


of Rr to the Cube Root of K—1 N R. 
Then the Refractions on the concave Sides of the Glaſſes 


will be very much corrected by the Errors of Refrac- 


tions on the convex Sides, ſo far as they ariſe from the 
Sphericalneſs of the Figure. | 
32, But ſince thoſe compound Lenſes of Glas and 
Water are with Trouble and Difficulty made, Opticians 
have applied themſelves to invent the beſt Figure of 
Lenſes for this Purpoſe, that is, ſuch that the Refrac- 
tion at the fecond Surface eight correct the Errors of 
Reſraction at the firſt Surface (ariſing from the Figure 
of the Glaſs only) as much as poſſible: And the famous 
Hugens has-giyen us a FREELY which he Probes! the 
following Particulars. 

33. Firſt, That when parallel Rays fall upon che 
plane Side of a plano-coex Lens, the (longitudinal) 
Aberration of the extreme Ray is 2 of the Thickneſs; 
and is leſs than the like Aberration cauſed by any Me- 
1 whoſe Concave Side bs expoſed to: - ah mew | 

ont T 

34. Jed, 0 ben the tale Glaſſes haye Ger * 
vex Sides turned to the ineident Rays, the Aberration 
of the extreme Ray in the Plano-Convex' is 3 of its 
Thickneſs; and is leſs than che ke Aberration of ny 
Meniſcus in this Poſition. 2 

35. Wurdiy, That a do le! onve GHB, whaſs 
Radius of the firſt Surface, on Which che Rays fall, 10 
to that rer che ſecond Surface as 2 to 5, is juſt a5 good 


Lan only admit of 


0 rie 
ö tlie Mechaniſm whereof is as follows : A 5 


E H is the large Tube or Body of the Ins 


as the enn in its beſt Poſition, the Error de: 
ing in both Z of their common Thickneſs... 

36. Fourth, When the Radi of a Double Convex 
are equal, the Aberration is 3; of the Thickneſs; and 
therefore ſuch a Lens is not ſo good as a Plano-Convex 

an the ſame "Thickneſs in its beſt Poſition; | . 
37. Fifthly, But if the Radius of the fuſt Surface bs 
to that of the ſecond as 1 to 6, it is then the beſt Glaſs 
of all, its Aberration then being the leaſt poſſible, viz, 

+ of its Thickneſs. But if this beſt Glaſs be turned 
with its other Side to the Rays, the Aberration will be 


95 and therefore becomes much worſe than Befote: 


38. Sizthly, When a Plano-Concaye Haas its pia 
Side turned towards parallel Rays, the Aberration of the 
extreme Ray is alſo; of the Thickneſs ; and when ins 
verted it is only 3. In a Double-Concave: likewiſe, 
whoſe Radii of . firſt and ſecond Surfaces are as 1 to 

6, the Aberration is the leaſt poſlible, Viz, 12, As above 
in the like Convex. 
30. Hence the Glaſſes of common | SpeAacles ought 
to have the Figure of the Convex in Art. 37, and thoſe 
Hand-Glaſfes which ſhort-ſighted People uſe ought to 
be ſuch Concaves as are laſt mention d. 
40. In all the above mentioned Glaſſes the ſame Apers 
ture, Thickneſs, and focal Diſtance is ſuppoſed, and 
that they differ in nothing but the Figure ariſing from 
ths various Magnitude and Poſition of their Radii reſpec: 
tively. But after all, ſince, as we have ſhewn, the Aber: 
_ ration.bauſedb the Figure bears ſo ſmal}'a Proportion 
to that by the different Refrangibility of Rays, the Per- 
fection of refractinę 9 becomes deſperate, and 


mfg ent b increaſin their 
| Leng. £44 8 


41. From hence long Teleſcopes became of common 
; and ſo great were the Improvements of this Sort; 
that * nin the celeſtial Bodies the Tube of the 


„„ TS Kr ument, 


2 
B 
15 


ſtrument, in which BE is a large reflecting 


Mirrour, with a Hole in the Middle CD. 


Teleſcope was thrown aſide, and a Method invented 


by Hugenius of managing them with much greater Eaſe, 
and of a greater Length. For he (contrived to fix the 


ObjeA-Glaſs upon the Top of a long uptight Pole, and | 
ditected its Axis towards any Object by means of a 


Silk-Line e from the Glaſs to the Eye-Glaſs 


below. In this Manner were Teleſcopes made to the 
Length of 10 TW <3 TESTS TH HR ENG 

42. Theſe were called Aerial Teleſcopes, as being uſed 
without a Tube in a dark Night; for the Uſe of a Tube 


is not only to direct the Glaſſes, but alſo to make the 
part dark where the Images of Objects are formed z 


for in Teleſcopes, as well as in the Camera Obſcura, we 


ought to have no other Light come to the Eye than 
what proceeds from the Pictures made of the Objects 


abroad, | 1 LOQe TE TON 8 

43. In order to underſtand in what Proportion Tele- 
ſcopes are to be lengthen'd, ſo that they ſhall magnify 
in any propoſed Degree with the ſame Diſtinctneſs and 
Brightneſs of the Object, we are to conſider, that the 
Indiſtinctneſs of Viſion conſiſts in this, that the ſenſible 
Image of a lucid Point in the Object is not a Point in the 
Image, but a circular Area; and that two contiguous 
Points in the Object make two of thoſe Areas in the 
Image, whoſe Centres are contiguous ; and therefore as 
thoſe two Areas are mixed almoſt entirely with each 
other, the Repreſentation of the faid two Pons in the 
Object is not diſtinct but confuſed. „ Mts em 
14. And ſinee this is the Cafe with reſpect to every 
other Point in the Object, tis evident there will be 2 
Mixture of ſo many Points of an ru vg every Point 
-of the confuſed Picture, as there are Points in the Circle 
of Aberration ; fince the Centre of any one Circle of 
Aberratian will be cover'd by all other Circles of Aber- 


5 


ration, Whoſe Centres fall within the Perimeter of the 


firſt mention'd Circle; or, in other Words, there will 
be ſuch a Number of Points in the Object mixed in 
Vox. III. _ 
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Or T 10s. 


: This Mirrour receives the Rays 4 c, 5 4 
coming from the Object at a Diſtance, and 


any one Point i in the confuſed Image, as is proportional 
to the Area of the Circle of Aberration. 

45. Hence, ſince this confuſed ö ſe- 
veral Points in one is impreſs'd on the Retina by the 
Eye-Glaſs, and from thence convey d to the Common 


Senfory, it appears that the Indiſtincineſt of an Objet it 


4 the „ of 4. Circle of Aberratian in the Focus of a 
Dee or as the Square of its Diameter. 

46. To illuſtrate this Matter, let A be a given Point, 
BC an Object-Glaſs of a Teleſcope, BCA a Pencil 
of Rays coming from the Point upon the Glaſs ; each 
Ray, A B, A C, will be ſo refracted through the Lens, 
as that the moſt refrangible Part of each will meet and 
interſect each other in the Point F in the Axis, the mean 


refrangible Part will go to c, and the leaſt refrangible 


Part will męet and interſect the moſt refrangible on 
each Side in the Points D and E; therefore D E will 
be the Diameter of the. confuſed Image or Cirele of 


Aberrations 4 DbE, and c its Centre. 


47. Let HI be the E e-Glaſs, and G its Centre; 
chen will the Angle DG 2 be that under which the 
Circle of Aberrations is ſeen at the Eye - Glaſs, and con- 
ſequently at the Eye, (as we have * already). But 
this Angle is as he Subtenſe DE. directly, and as the 


DE 


Perpendicular G c inverſely, that is, DG E is as -— 


Ge E 


for it increaſes as D increaſes while Ge remains the 


ſame, and as G c decreafes while DE-is 877773 


vnereſote, e is always as the Angle D GE, 


0 we have DE : GD and fo DE? es But DE 


js as the Area 1 the Circle of Aberration, and there- 
fore as the Indiſtinctneſs of Viſion ; conſequently, the 


2 en of a * . 122 be as | 
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refletts them converging to its 2 e, 
where they croſs each other, and form the 


- ff Therefore. the Diflinctaeks bf Viſion will bb as 
ET or, becauſe D E CB the Diamętet of the 


Aperture of the Ob; ject-Glaſs, therefore DE: will be 
as CB; the Diſtinetnel of à given Object will 


always Wa S that. is, 5 the 3 52 the Yecat 


ny yy ow _ ww = 


Rau of the +, Sow h, and as the pare of 
| the Diameter or Area e Apr 8 | 

8 49. I then in any one r re 75 ope the Dif- 
; | — =. 
n | | 
e 8 cen if 
N 

1 Ge . 

f 8 we have 50. * BU K G or 

f BCXGc=BCXG:; and therefore BO: Ben 

1 Ge: Oe that le, two-refpaling Tehſmpits Bed an Ob- 
e 2 rqually alſtinct, when” the Diameter of the "te he 
1- n Meg ere ar the focal Diftances of "Eyes 
t El 

50. in reſlcting Teleſcopes the Diameter of the cirde 
5 of Aberratios = g= F- (D 
e 4% Diiniibter of the Uphere ; fer Article 24.) whence 
T 

2 =. LetF == focal Diſtance of the Ey. Ou, 
. (den ie lc e me wi 4 f fe. 
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Orrics.. 


inverted 8 IM. xy is a ſmall concave 
Mirrour » Whoſe Focus is at /, at a ſmall 


and Lace the Diſtinctneſs in each wil be as —— 180 2 and 


2X ; then if we pot the Object ſeen equally . 
dane in ed. we ſhall have D*F*X y*= = * xc 5e 5 
or D-: FS D- Zy. Hence F: F:: EE Fr; that 


is, Reflefting Teleſcopes Seu an Object 1 di "af | 
when 125 0 i/tances of the Eye- Cs are, as the 
Cubes of the Diameters of the large Specula or Objea- Me- 
tals, divided by the Square of the Diameter of the Spheres 
to which: they are ground, or by the Square of wo focal 
» Diflance of the Metals. | 
52. In. any Teleſcope, or Double Microſcope, the 
rightneſs of a given Image will be as the Quanti Fo 
Light by which it is ſhewn; that is, as the Nom 0 
Ms of the Odds Glas, or as the Square of the 
Diameter. 1 2 
Gr Alſo, if the Areainf he Anat an Ot ject⸗ 
be given, the Brightneſs of the Image will be 
9 as its Area, or Square of its Diameter or 
Breadth: For the leſs the Area of the Picture is, the 
Lehr. will be its e by the ſame Quantity of 
ight. b 
: 755 Therefore ben neither. the Apertures of the 
Glaſſes nor the Amplifications of the Picture are given, 
. or the ſame, the Roa oy is as the Square of the 
2 of che Apertures directly, and the * of 
linear Dimenſions of th of the Pictures inverſely.” 
35. Hence in all Sorts of Teleſ a given Object. 


appears equally bright, when the Diameters of _ 


Apertures are as the linear Dimenſions of the Pictures: n 


But the Picture is larger as the' focal Diſtances of th 


Object. Glaſſes is ſo, and alſo as: the focal Diſtance of 
the Eye-Glaſs is leſs; therefore the linear Dimenſions of 


Picea ge 4s fora * of the Object - Glaſſes 
| : Diſtance 


FIN 


OrrTics. 


; Diſtance from the Image. By this Means 
the Rays coming from the Image are re- 


directly, and 28 the focal Diſtances of the E. ye-Glaſſes 
inverſely. Let theſe be repreſented by F 8 E, and 
f, ½ in any two Teleſcopes ; let D, d, be the Diame- 
ters of the Apertures and L, I, the linear Dimenſions 


of the Pictures ; then we have D: dn L: 1 275 | 


2 1.6 d 
when Objects appear equally bright i in both. ? 1 
86. us > . 0s the We: 7 of a Picture or 


Image is as 12 (A.. 54.) = . (becauſe L af 


by the laſt). therefore if D or f be each increaſed in any 
Ratio, the Diſtinctneſs will remain the ſame as before, 
(by 4rt. 49.) and the linear Dimenſions of the Image 
will be diminiſh'd in the ſame Ratio, (ſince L is inverſely 
as f) but the Brightneſs of the Image will be increaſed 
in the quadruplicate Ratio of what it had before. For, 
57. duppoſe F or the focal Length of the Teleſcope 
given, then the Brightneſs of the Picture will be in "this 
Caſe as Df and if D and f be increaſed each in the 
Ratio of 1 to m, then will the Brightneſs be in this 
Caſe as * Df. =D* f m+; fo that the former 
Brightneſs is to this as D* f. to D* f* m, that is, as 1 


tom n ee is r e of the ey: t 


t ĩ DY:. 2 


38. Becauſe we had D: 5 or Df: F, when Object 


appear equally bright, (by A. 1. 58.) and when they are 


ſhewn equally diſtinct we had D:f (by. Art. 49); 
therefore in tefracting r of various Lengths, 

that Objects may appear equall 1 bright and equally 
diſtinct, it is requiſite that D“: F, and f.: F, or that 
D:f: F; that is, the Diameter - of. the 
alſo the focal Length of. the Eye-Glaſs ſhould each be as 
the Square Noot 7 the focal 2 8 or e * the 


Tal Yeope | 
F z fiekted, 


©. 


Aperture. and 


I: O reo 
fiefted, back through th central Hole © D 


, SEAS 4 


of che Jarge Mirrour, where they. fall n 


| 1 this Caſe likewiſe the 8 Diman 

Pi 5 or Image are in + e ſame A 
Length of the Teleſcope; becaule, as was 0 
the: Amel Dimenſipns are direQl y as the, Diane 
Aperture, which! is here ſhewn to be: as che 5 quare 


of the Length of the Leleſeope. 


of the 


12 


Article 3 r.) Alſo when the Brightneſd is given we have y i 


| rinAneſs - 2 nd Brightneſs are both en, 've have YA 5 
n 5 or y* : "ies or y: Di. ; 


The linear Tiers of the Figure — were | 


* 2 3 F 
35 735 that! tle, in this cat f F. 5. and therefore DF 


| * 
1bi; e FP My * 0. Rar in refeBing il. 
ſeopes of different Ian te e given. Oe il! e 


equally diftinet and EE when the Diameters of the Ol. 
jeft- Metals are as the Biquadrate Roots of the Cubes of 


the Diameters of the Spheres or focal Lengths of the Spe- 


cula ; or, when the focal Diſtances of tha Eye:Glaſſes are 


| 4. the Biquadrate . ot of. the focal Diſtance the Specula, 
Ed, 62. According to the Theorems in 77040 8, 49, N 
Hager: calculated a Table 77 the linear Aperture of th 
Ohje& Glaſs, the focal Diſtance of 12 Eye-Giab, and 
the linear Amplification | or magni Deb Power of the 
Welcſope, trom one which he found che ki xperience was 
 eonfiruQted in the beſt Manner: T have reduced bis 


| Rhinhand Meaſures to Englijh Feet, Inches, = Neely 
mal TR, as follows, 


1%. . , ; | the 


# 


* 


7 
cot 

60. In reflecting a when the Difioane 
is given, we. have F: 5. and therefore 15 1D. F. (See 


3 (Art, 55 Y thereſore F: . TY Hence, when the Diſ: | 


the 


it 


the plano. convex Lens WX, and are by 
it converged WwEcrug, 
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vence the Indiſti 
pes is ſd very great, a 
3 to paſs, Objefts 


diſtin as they. ge hich it may de anſwer's, 


becauſe the Wise Rays are ge dy ſcatter'd o 


e F 4 — 


and there form 4 


Queſtion may be 2 Jow jt 
uch Tel 5 
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all the re | 
are the Red and Green. The Blue compared with 
theſe is a faint and dark Colour, and the Indigo and 


and be ſpread through four or five times the Space, and 

therefore become much rarer. Alſo this extreme Red 
end Green is much rarer and darker. than the other 
"Parts of the ſame Colours; and the Blue and Violet 


* 7 q . 
2 8 * 3 k ? ; 4 g 
. „1 ; | M 
45 F 
* 


Pp TICISs. 


ſecond Image RS, very large and erett, 


all the Area of the Circle of Aberration, hut colled ed 
infinitely more denſely in the Centre than in any other 


Part of that circular Space, growing rarer and rarer to- 
wards the Cireumference, where, in. Compariſon, they 


are infinitely rare, and affect not the Senſe any where 


but in the Centre, and very near it, on that Account. 
64. Tis farther to be obſerved, that the moſt lumi- 
nous of all the Priſmatic Colours are the Vellow and 
the Orange; theſe affect the Senſes more ſtrongly than 
f put together; and next to theſe in Strength 


Violet are much darker and fainter ; ſo that theſe, com. 
pared with the ſtronger Colours, are little to be re- 
garded. RET | „% 3 
2 65: The Images of Objects are therefore to be placed 
not in the Focus of the mean refrangible Rays, which 
are in the Confine of Green and Blue, but in the Focus 
of thoſe Rays which are in the Middle of the Orange 
and Yellow, there where the Colour is moſt luminous 
and fulgent ; that is, the brighteſt Yellow, that Yellow 
which inclines more to Orange than to Green, 

66. Now it has been ſhewn ( Annot. CX VIII. 9.) 
that the Diameter of the Circle in which both thoſe 
Colours will be contained is but the 260th Part of the 


Diameter of the Aperture of the Object-Glaſs; and 


fatther, about ; of the brighter Halves of the Red and 


Green (on each Side) will fall within this Circle, and 


the remaining 3. without it, which will be fpread over 


twice the Space week and therefore: become much 
'Farer. Of the other 


arer. Of the other Half of the red and Green, about 
one Quarter will fall within this Circle, and 4 without, 
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being much darker Colours than theſe, und" 90 3 i | 


fied, may be quite'negleRed. © © © . | 
67. Hence the ſenſible confuſed bange of a lucid 
Point is ſcarce broader than a Circle whoſe Diameter is 


the 260th Part of that of the Aperture of the Glaſs, - + 


if we except the dark miſty Light round about, which 
we ſcarce regard. And — in a Teleſcope whoſe 
Aperture is 4 Inches, and Length 100 Feet, it exceeds 
not 2:” or 3“; and in a Teleſcope whofe Aperture is 


2 Inches, and Length 20 or 30 Feet, it may be about 


5% r 6//, and ſcarce above. And this anſwers well to 


Experience; for it is obſervable that in Teleſcopes of 20 


or 30 Feet long, the Diameters of the Fixed Stars ap- 
pear to be about 5” or 6, or at moſt not more than 8* 
or 209%! 27: 1 

68. Now. if we ſuppoſe the ſenſible Tmage of a lucid 
point to be even a 250th Part of the Diameter of the 
Aperture of the Glaſs, yet will this be much greater 
than if it were only from the ſpherical Figure of the 
* vir. (in an 100 Foot Teleſcope) in the Ratio of 

961 

55 97 
Therefore the Image of a lucid Point would ſtill be a 
Point, but for the various Refrangibility of the Rays ; 
and this alone is the invincible Obſtacle to perfect Vibes 
. any refracting Inſtruments. 

69. The magnifying Power of a refracting Te 


„or of 1200 to 1. (See Art. 20, 21.) 


Plate 


leſcope 
is thus eſtimated. Let AB be the Object-Glaſs, and XLVIL 


CD the Eye-Glaſs ; and let HFI and GF M be two 
Rays coming from the extreme Parts of a diſtant Ob- 
ject, and crofling each other in the Centre F of the 
Glaſs A B. Then is the Angle GF M = I FM that 
under which the Object appears to the naked Eye; but 
IEM CED is that under which the Image appears 


as magnified by the Eye-Glaſs CD. But the 
IEM Is E as LF to LE, or as the 


Ir 


Fig. 6. 


Ir the firſt Lens W X were taken away, 
the Image would be formed ſomewhat larger 


focal Diftance of the Objeft-Glaſs\ to the focal Diſtance of 
the Eye-Glaſs; and in that Proportion is the Object 


| magnified, as way obſerved, before in Art. 85. 
plate 70. The magnifying Power of à reflecting Teleſcape | 
XLVII. is thus computed... The parallel Rays K B and L E are 


8. 7, reflected. by the large Object-Metal A F to its Focus a, che 
no where the Image I M is formed; Which Image is de- W 


fined by two,other, Rays NQ P Q, coming from the a 
extreme Parts of the Ob ect at a remote Diſtance, and 00 


meeting in. the Centre of the large Speculum at Q far 
it has been ſhewn that the Object and its Image both ſe 
appear under the ſame Angle from the Vertex of the 
Mirrour: Cmpt CXAY 07 ou ooo 13% 0% 20 
171. Noy if F be the Focus of the ſmall Mirrour 
GH. ſuppoſing the Image were formed in the ſaid Fo- 
cus 7, (that is, that both the Foci à and / were coin- 
cident) then the Rays proceeding from the Image IM 
will proceed parallel after Reflection, and produce diſ- 
tint Viſion of the Image, which will then ſubtend an 
Angle I OM at the Centre O of the Speculum G Hz; 
which is to the AngleI Q M, under which the Ob- 
ject appears to the naked Eye, as a Q to aQ of FO. 


45 So that the magnifying Power would in this Caſe be as 

a 8 c ˖ * 
| F509 . „ll!!! ĩ x n 
72. But to increaſe this magnifying Power, the 
Image IM is not placed in the Focus of the ſwall Spe- 
ned culum, | but at a ſmall Diſtance beyond. it So by Which 
means the Rays coming from the Image to the Speculum 
l will be reflected converging to a diſtant Focus R, 
where a ſecondary large Image 7 A is formed from the 
Arſt Image IM; which Image I A is ſeen under the 
{ame Angle IO MA with the former from the Centre of the 
Speculum G H, but from the Centre of the Eye-Glaſ 
TV it is ſeen under the large Angle 78 AH. But the 

Angle 18 M is io the Angle IO A ay OR to R 


— 


R TH 


at Mg; but the Area, or Scope, would be 
leſs, and ther efor 0 the View not ſo Pleaſant, 


wherefore the (ſecond 08 * Ran, af. 508 en. py 
fying Power i is that of 2 ws 


73. . the bande magniſping Power: of 


the Teleſcope. is 25 (becauſe in this Caſe 70 


becomes a O. Or, in other Wards, the Angle NQ, 
under which the Obj ect appears to the naked Eye, is 
to the Angle 18 A, n which the large magnified 
bun e 1M m_ to the Fye u the 
Eye- Glaſs, a. SR. FK Such is the Theory of the 
Teleſcope firſt contrived by Dr. 7. Gregorie, and there- 
fore call'd the Gregorian Lee ; but it received its laſt 
Improvement from the late Mr. Hadley, and is now in 
common Uſe. ' 

74. A ſmall Alteration was made in the Structure of 
this Teleſcope by Mr. Caſſegrain, viz. in uſing a con- 
vex Speculum G H, inſtead of the concave. one G H. 
Now if they are equally ſpherical, that is, if they are 
Segments of the ſame Sphere, then will F be alſo tage 
virtual Focus of the convex G H; and if all ober 
Things remain the ſame, the firſt * I'M will be 
virtually the ſame as before, and the laſt Image 7 A# ; 
will be really the ſame; ſo that the wy As Power - 


aQXOR 

of this Form of the Teleſcope. is SR which i is 
equal to that of Gregorio F orm. | 5 

75. And ſince to ſhew this, is a curious PripiGiing, » pl. XI. 
J ſhall give the following eaſy Demonſtration thereof. Ei, g. 
Let HD be a concave Speculum, and E C a convex 8 
one, both deſcribed with the ſame Radius C D, on the 
common Axis BC D: The Point N, biſe&ing'the Ra- 
dius C ad will be the Solar Focus to each Speculum. 


let F b e 3 * Point, from whence a Ray x H is 
_ At 


4 
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the Image would be formed fomewhat larger 


facal Diftance of the Objett-Glaſsi to the focal Diſtance of | 


| the Eye-Glaſs; and in that Proportion is the Object 
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| Fig. Jo 


extreme Parts of the 
| meeting in-the Centre of the lar ge Speculum at Q; far 
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magnified, as was obſerved, before in Art. 55. 
70. The magnifying Fewer of a; refleting Teleſcape 
is thus computed... The parallel Rays K B and L E are 
reflected by the large Object - Metal A F to its Focus a, 
wher S the Image 1 M is for med; which Image is de- 
fined by two other Rays NQ, PQ, coming from the 
Objef at a remote Diſtance, and 


it has been ſhewn that the Object and its Image both 
appear under the ſame Angle from the Vertex of the 
e 1 ot noon as 
f. Now, if be the Focus of the ſmall. Mirrour 
G H, ſuppoſing the Image were formed in the ſaid Fo- 
cus f, (that is, that both the Foci à and F were coin- 
cident) then the Rays proceeding from the Image IM 
will U parallel after Reflection, and produce diſ- 
tint Viſion of the Image, which will then ſubtend an 
Angle I OM at the Centre O of the Speculum GHz; 
which is to the Angle I QM, under which the Ob- 


ject appears to the naked Eye, as aQ toa Q or FO. 


So that the magnifying Power would in this Caſe be as 
. . ; Ls | NCT tas 25 7 2 . 
72. But to increaſe this magnifying Power, the 


- 
* 


Image IM is not placed in the Focus of the ſmall Spe- 
= 77175 the Rays coming from the Image to the Speculum 


will be reflected converging to a diſtant Focus R, 
Where a ſecondary large Image 7 M4 is formed from the 
frſt Image IM; which Image J MA is ſeen under the 
ſame Angle TOM with the former from the Centre of the 
Speculum G H, but from the Centre of the Eye-Glak 
TV it.is ſeen under the large Angle 78 AH. But the 


Angle ISM is to the Angle 7 O M av OR toSR; 


Ny at 


Op TI 8. 


at Mg ; but the Area, or Scope, would be 
leſs, and therefore the View not ſo pleaſant, 


wherefors the | ſecond Ratio. ol Bart, nf, 40 ſe. 
ſying Power i is that of. JR = In 


becomes a O). Or, in oa odd the Ad N Gb, 
under 1 the Obj e& appears to the naked Eye, is 
to the Angle 1S AA, Ski: which the large magnified 


ſecondary Image 7 M A - amy to the Eye through the 


Eye-Glaſs, as Dr SR Such is the Theory of the 
"Teleſcope firſt contrived by L Dr. 7. Gregori and there- N 


fore call d the Gregorian Teleſcope; but it received its laft 
Improvement from the late A: Hadley, and is now in 
common Uſe. | 

74. A fmall Alteration was made in the Struture of 
this Teleſcope by Mr. Caſſegrain, viz. in uſing a con- 
vex Speculum G H, inſtead: of the concave. one G H. 
Now if they are equally ſpherical, that is, if they are 
degments of the ſame Sphere, then will F be alſo the 
virtual Focus of the convex G H; and if all otber 
Things remain the ſame, the firſt Image I'M will be 
virtually the fame as before, and the fat ſt Image IA 
will be really. the ſame; ſo that _ en Power 


of this Form of the Teleſcope. i 70 K which is 


equal to that of Gregorie's Fo orm. | 

75. And ſince to ſhew this, is a curious Propoſition, Pl. XL. 
I ſhall give the following eaſy Demonſtration thereaf, . 
Let HD be a concave Speculum, and EC a convex 8 
one, both deſcribed with the ſame Radius C D, on the 
common Axis BC D: The Point N, biſecting the Ra- . 
dius C D, will be the Solar Focus to each 8 ; 
"i 1 be a radiant Point, from whence a Ray FH is 


| pars At 


At TV is placed a circular Piece of Brafs, 


with a Hole of a proper Size to circum- 


ELLA Soto ih, evo 13 1 | 
ven. This is evident from the Theorems ——— 
1 . BW : p ; * © Fig 7 


s and 
Qs * 2 


incident upon the concave Mirrour in N, or to which 
the Ray K E incident upon the convex; Mirrour tends; 
both thoſe Rays will be reflected to the ſame Point B in 
the Axis, and in the ſame Line EB. Laſtly, let G F 
be an Object; the Image thereof a4 formed by the 
Concave is equal to the Image A B made by the Con- 


„ 
2 d NMH 


dr 


— =/, thoſe Specula reſpedvely. 


7 


76. For as ee F C, CB=F in the Convex; ſo 8 


in the Concave let FD D, and DB = F; and then 


we habe in the former d: F:: 2d +r r, and in the lat- 


ter D 2 22 7 — 2 Dx. But D = d + 7, thereſore 
2D=2d+2r; whence r — 2 D =2 4 Ar, conſe- 


quently 4: F:: D: F; that is, CF: CB: DF: DR 


But the Object and Image are to each other in the ſame 


Ratio in either Glaſs; and therefore ſince the Object 
is the ſame. in both, the Image will be ſo likewiſe, or 


AB=ab. ES IE 1 444 © 5 44 

77. Sir Jſaac Newtin ordered this Teleſcope to be 
made in a different Form or Manner, as follows. AB 
CD was a large octogonal Tube or Caſe; E F a large 
poliſhed Speculum, whoſe Focus is at ; G H a plane 


_ - Speculum truly concenter'd, and fixed at half a Right 


2 
= 


Angle with the Axis of the large one. Then parallel 


Rays 2E, bF, incident on the large Speculum E P, 
inſtead of being refledted to the Focus o, were inter- 


cepted by the ſmall plane Speculum G H, and by it re- 
© lected towards a Hole cd in the Side of the Tube, 
cCroſſing each other in the Point O, which is now the 


true focal Point; and from thence they proceed to an 


. Eye-Glaſs e F placed in that Hole, whoſe focal Diſ- 


tance is very ſmall, and therefore the Power of magni- 


Hing may be very great in this Form of the Teleſcope; 
becauſe che Image 1 M is made by one Reflection, (for 


ſcribe 


Or r ies 


ſcribe the Image, and cut off all ſu perflu- 
dus or extraneous Rays, that ſo the Object 
may appear as diſtinct as poſſible. - 
As the Image 1s formed by Reflecti- 
Jon, the Rays of, every Sort will be united 
ie nearly in one Point, and will therefore ad- 
„mit of an Eye-Glaſs V Z of a deep Charge, 
or ſmall focal Diſtance ; and ſo the Power 
of magnifying will be proportionally great- 
Wer; for it will be 155 : Proportion com- 


) unded of 4 and S = if daa one ye. 


Glaſs V 2 be: uſed. Thus, in Numbers, 
> WW uppoſe Qe= 12 Inches, eG= 3,53 GE 
14 FS 


E . 
X = 18, and Er =1; then wil —x— 
c 7 032 299, 5h ages BIF 


25 of the ER 8 * WI the Courſe of the 
ays, and adds nothing to the Confuſion of the Image) 
will for that Reaſon bear being view'd by a Glaſs 

of a very deep Charge, in compariſon of an Imege 

ſorm d by differently refrangible Rays. 

78. This Teleſcope is a very good one, as to its Ef- 
ſet or Performance, but is not ſo commodious ſor 
common Uſe as thoſe of the Gregerian Form, and is 
therefore now pretty much laid aſide. They wko would 
ſee a larger Account hereof may conſult Sir Inc s Op- 
tics, and ſeveral Philoſophical Transactions, where he de- 
ſeribes it at large, and the Reaſons which induced him 
to make choice of this Structure rather than that of 
Dr. Grggoris: Or ſee a compendious Account of the 
W in the laſt E Edition of 2  Gregorie's Elements of 

ici. 

w 216 


& „ . > CÞ OO WW Ob 


0 "ew C- 


Y w 9 


Ortes, 


21716 8 ; an 
"os 6252 deny n whence y ſuch , (C 
Teleſcope the Length of an Object will be | 
magnified 50 times, the Surface 2 500 times Re 
and the Solidity 12 5000 times; yet the Ot 
Telefcope not above 20 Inches long; an - 
Effect equal to that of a refractin 8 Tele , 


{cope 16 Feet in Length. 

As to the Camera Obſcura, and Mag ic 
Lanthorn, they both perform their Effech 
by a ſingle Lens; the former being only 
he Object-Glaſs of a long Teleſcope a 
plied in a Scroptric Ball to the Hole of i 
Window-Shutter in a darken'd Room) 
_ which gives a lively Picture of all the Ob- 
jects which lie before it, in true Perſpec- 
tive, but in an inverted Poſition, on a white 
Sheet or Plane held at the Focal Diſtance 
of the ſaid Glaſs: And on the other hand, 
the Magic Lanthorn is only a large convex 
Lens, with a ſhort Focal Diſtance, which 
by being placed at a proper Diſtance 
ftom ſmall tranſparent- colour d Pictures or 
Figures, forms a large and ſurprizing 
Image thereof at a great Diſtance; in 
order to which, it is neceſſary to illu- 
minate them very ſtrongly with the 
Licht of the Candle thrown on them by 

another 


de extremely godd, or free from an des Blebs, Ih 


6 Feet focal Diſtance, 


Orries. 


another very pe, and yoo Convex” Gras 


(CXXIX.)\ 


(CXXIX. ) I. mee Ostens or Dar feu d 
Room, is made after two different Methods; one is the 
Obſcura Camera or Darken'd Chamber at large, and 
properly ſo call'd ; that is, any large Room or Chamber 
made as dark as poffible, ſo as to exelade all Light but 
that which is to paſs through the Hole and Lens in the 
Ball fixed in the Wimdow of the ſaid Room. . 
2. The other is in ſmall and made in various W 


zs that of a Box, « Book whoſe Sides fold one, & 197 


the Conveniency of carrying it from Place to Place, for 
taking an Optic View in Picture of any propeſed Place 
or Part of the Country, Town, — and hence it is | 
ws the Portable Camera Obſctra. 

The following Particulars are to be attended to in 
this Philoſophical Contrivance. Fir, That the Lens 


which may diſtort and blemiſh the 

4. Secondly, T hat the Lens be 
againſt the Object whoſe Picture you would have 
fectly form'd to contemplate ; for if the Glaſs has any 
other Poſition to the ObjeQ, the — * be NO 
pag 8 and confuſed. | 


2- 


le. | 
6. Fourthly, The Ven 


6 Gantt tobe of a 108 Magni- 


_ tude or Aperture; for if it be top ſmall, the Image will 


be obſcure, and the minute Parts not viſible at a Diſ- 
tance for want of requiſite Light. On the other hand, 
if the Aperture be too 1avipe, the Image win 3 
fuſed, and become indiſtintt by too 0 mach 

7. "Therefore, Fiſabh, if by 
an Aperture of 2. n A 1 
i know (from what has bern 


laid in the laſt Annotation) that the Diameter of any 
eee e Tre 


| be Leit 2 different "et * Diſtance ought to bei in 


| ture. of Objects in a dark Room, unleſs the Sun ſhines 
upon or ſtrongly illuminates the Objects; for mere Day 
Contraſt of Lights and Shadows, none of which can 


without which every thing looks dark and dull, _ 
makes a diſagreeable Figur 2 


Shadows in greateſt Perſection, an Eaſt or Welt 


make the Picture moſt perfect it 'ought to be received? 


OrrTics. 


Tux Solar Microſcope is of the ſame Kind 
with the Magic Lantborn; only here thy - 


the ſubduplicate Ratio of 6 to the ſaid focal Diſtance} 


that the Object, or its Image rather, may be equally 
bright and diſtinct in both. 


. Sixthly, We ought not to attempt to. exhibit 2 


light is not ſufficient for this Purpoſe, the greateſt Beauty! 
in this Phznomenon being the exquiſite Appearance and 


appear but from an Object placed in the Sun-Beams ## 


9. Therefore, N the Window, or that Side 5 
of the Room where the Scioptric Ball is uſed, ought ta 
look towards that Quarter directly upon which the Suu 
ſhines, that fo the illumined Sides of Objects may pres} 
ſent themſelves to the Lens, and Appear more Gorey 


in the Picture. 


10. Eighthly, Hence it is eaſy to infer, that the beſt 
Time of the Day for this Experiment is about Noon; 
becauſe the Sun-Beams are then ſtrongeſt, and of courſe! 
the Picture moſt luminous and diſtin : Alſo . 7 
North Window is the beſt; though for viewi 


dow will anſwer the End beſt. — 
11. Ninthly, As the Image is formed der * as 


reflected Rays of the Sun, ſo due Care ſhould be taken 


that none of the Sun's direct Rays fall on the Lens in 
the Window; for if they do, they will, by mixing with 
the former, greatly diſfurb the Picture, and render 4 


very confuſed and unpleaſant to view. 


I. Tenthly, As white Bodies refle& the ee Rays ; 
moſt copiouſly, and black ones abſorb them moſt ; ſo th 


upon a very white Surface, as Paper, a painted Cloth 
r ates Pordared) round! with _ that ſo wy 
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p TICS; 
Objects are very ſmall, and ſtrongly en- 


- lighten'd by the Sun through a concave = 


collateral Rays which come from on each Side the Ob- 


ject may be ſtifled, and not ſuffer'd to diſturb the Pic- 
ture by Reflection. | 

13. Theſe are the neceſſary Precautions for the due 

ordering of the various Circumſtances of this Experi- 


ment. [I ſhall now enumerate the ſeveral principal Phe- 


nomena of the Dark Chamber. The Fim of which is, 
that an exact and every-way ſimilar Image is formed of 
an external Object; for Pencils of Rays coming from 
all Points of the Object will repreſent thoſe Points in 
ſuch a Manner and Poſition as will be very proportional 
and correſpondent to their reſpective Poſitions and Diſ- 
tances in the Object, ſo that the Whole in the Image 


ſhall bear an exact Similitude or Likeneſs of the Object 


in every Reſpect. 72 

14. The Sec:nd Phenomenon is, that the Image will 
bear the ſame Proportion to the Object, whether a Line; 
Superficies, or Solid, as their Diſtances from the Glaſs 
_ reſpectively : This is evident from what has been ſaid 
relating to the Effect of a convex Lens. Hence the 


larger the focal Diſtance of the Glaſs, the more ample | 


will be the Picture of the fame Object, but the leſs 
will be the Space or Compaſs of the Plan or Perſpective 
View. . 1 + | 
\ t5. The Third Phenomenon is, that the Image or 
Picture of the Object is inverted; and this is not the 
Effect of. the Olaf 

Hole through which they paſs into the Room; for if 
a very ſmall Hole were made in the Window - Shutter of 
a darken'd Room; the Objects without would be all ſeen 
inverted, thoſe which come ftom the upper Part of the 
Object going to the lower Part of the Image, and vice 
verſa, All that the Glaſs.does is to fender the Image 


diſtinct, by converging the Rays of every Pencil totheit 


proper Focus in the Picture, the Poſition of each Point 
being the ſame as before. 3 RE 


; : YES 0. Leis; 


8, but the croſling of the Rays in the 


81 


82 Orrices. 1 
Lens; they are alſo magnified by a ſmall f 
Lens of a very ſhort Focal Diſtance, that 


16. The Furth Phenomenon is the Motion or Reſt 
of the ſeveral Parts of the Picture, according as thoſe 
of the Object are in either State. The Reaſon of this 
is very obvious; and this it is that gives Life and Spirit 
to the Painting and Portraits of Nature, and is the only 
Particular inimitable by Art. And indeed a more cri- 
tical Idea may be formed of any Movement in the Pic- } 
ture of a darken'd Room, than from obſerving the Mo- 
tion of the Object itſelf: For Inſtance, a Man walking 
in. a Picture appears to have an undulating Motion, or 
to riſe up and down every Step he takes; whereas no- 
thing of this Kind is obſerved in the Man himſelf, as 
view d by the bare Eye. 1 5 = 
17. The Fifth Phenomenon is the Colouring of the Op- 

tic Picture; every Piece of Imagery has its proper Tints 
and Colours, and thoſe always heighten'd and render'd | 
more intenſe than in the Object; ſo that in this Reſpect 
it is an Improvement of Nature itſelf, whereas the Art 
of the greateſt Maſter can only pretend to a diſtant Re- 
ſemblance and faint Imitation. The Reafon why the 
Image is coloured is becauſe the ſeveral Points of the 
Object refleQing ſeveral Sorts of colour'd Rays to the 3 
Glaſs, thoſe Rays will give a Repreſentation of thoſe | 
/ ſeveral Points reſpeQively, and in their own Colour, 
and therefore in thoſe of the Object; but thoſe Colours 
will be heighten'd, becauſe they are crowded into a leſs | 
Space. 5 

| "78. The Sixth Phenomenon is the Claro Oſcuro, as 
the Italians call it; that is, the Intenſity of Light and | 
_Shadew in the Picture: And this, as well as the Co- 
* Jauring, is greatly heighten'd above what it is in the 
Object, by reaſon of the leſſer Area of the Picture. 
Here every Light and every Shade is expreſs'd in · its 
proper Degree, from the moſt brilliant in the one, to 
the moſt jetty Black of the other, incluſive of a won- 
derful Variety in the ſeveral Parts, ariſing from the diff. 
ſerent Situations of the ſeveral Parts of the Object, 
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.. Orpzrres. 
| the Images may be thrown large and diſ- 


and the different Angles of Reſſection. A juſt - _— 


dows is perhaps the moſt difficult Part of the Art of 
Painting, and on which its greateſt PerfeQtion depends. 
19. The Seventh Phenomenon is the Optical Per 
tive, or Projection of the Image, which/is not. , 


face deſcribed by the Revolution of a Comic Sion a 
its Axis, as is Evi 


2 " ths. — 


= 


able Camera's, it is neceſſary, to have the Im 
* n we, 4 1 2 4 Rs HS * CY , 


4 : 


ſuch as is ſuited to the middle Diſtance of the Obi; 
ing, who do.n 
what they do. 15 5 

20. I ſhall finiſh this Subject with an Obſervation 
that may be uſeful to Perſons concerned in frawing, 
and that is, That if an Olyed be placed juſt twice the focal 
Diflance from the Gaſs without, the Image will be formed 
at the ſame Diſtance from the Glaſs within the Room, 
and cenſeguentiy will be equal in e to the Obfect 
2% The Truth of this is der "Tr 


255 


* 


CXXV. 


dempnſiraped ih A. 


& * 


hat has been, ſaid of the 


* 


1 


28er ; e hi his X. 1411 le in the 
other Side LK at V. All w ich is ſo caſy at nothing 


tinckly on the oppoſite Wall of a darken d 


tion of Nature in the Diftributiqn of Light and Sha- 


or on a Plane, as in common Perf live, but on a Sur- 


gent from what was obſerved in nt. 
Mo br OST 2 LH tothe 424 4 tio > ; 
CXXV. Therefore, .though in general a. plane Sur- | 
face is made uſe of, and may do very rell in large Re- 
preſentations, yet in ſmaller ones, as t oſe of the Fert⸗ b 
ture compleat, or every Where rell defined, that it be 

received upon the Surface of an Fllipiic Figure,. and 


8 
But this is a.Nicety which few Pill thigk worth regard- 
ot aim at very, great Acruracy Ngepy uy 


Tees, &c. Plate 


© 1 © > a 
1 * . ax” 1 ; : - 
; N „ TT? . 4 mo 
8 2 „„ abc Ao PERS Room: 


amera Obſcura; on one Side X LIX. 
1 6 21 24244 R | 
d, formed Fig. Is 


Plate 
XLIX. 


OrT1cs. 


» 


| Room : Which, if well perform'd, 1s one 
of the moſt exquiſitely curious and moſt 


delightfully ſurprizing Effects that can be 
produced by any Optical Inſtrument what- 


rx) 
by (CXXX.). I. The SOLAR Tat ncore and Sol. AR 


'MicRoscoPs, as they ought to make a Part of the 
Amuſement of every Virtuoſo and Gentleman, fo they 
deſerve a particular Account, and the ſeveral Ways in 


which they are uſed merit a particular Deſcription, which 


T ſhall illuſtrate by a Draught of each. 
2. The Sor AR TELESCOPE is applied tö Uſe in the 


following Manner. AB repreſents a Part of the Win- 


 dow-Shutter of a darken'd Room, C D the Frame, 
which (by means of a Screw) contains the Scioptric 
Ball E F, placed in a Hole of the ſaid Shutter adapted 
.to its Size. This Ball is perforated with a Hole abc d 
through the Middle; on the Side bc is ſcrew'd into the 


ſaid Hole a Piece of Wood, and in that is ſcrew'd the 


End of a common refracting Teleſcope G HI K, with 
its Object-Glaſs G H, and one Eye-Glaſs at IK; and 
the Tube is drawn out to ſuch a Length, as that the 
Focus of each Glaſs may fall near the ſame Point. 
3. This being done, thE Teleſcope and Ball are 


moved about in ſuch manner as to receive the Sun- 


Beams perpendicularly on the Lens G H, through the 


eylindric Hole of the Ball; by this Glaſs they will be 
collected all in one circular Spot m, which is the Image 


of the Sun. The Lens I K is to be moved nearer to 


or farther from the ſaid Image m, as the Diſtance at which 


the pert Image of the Sun is to be formed re- 
quires, which is done by. ſliding the Tube IK LM 
backwards and forwards in the Tube LMUN O. Then 


of the firſt Image of the Sun m will be formed a ſecond 
| Image PQ, very large, luminous, and diſtinct. 
4. In this Manner the Sun's Face is view'd at any 


time without Offence to weak Eyes; and whatever 


Changes happen therein may be duly obſerved. The 
Spots (which make fo rare an Appearance to the naked 
Eye, ot through a ſmall Teleſcope in the common Way) 

3 $f 


* 


Oer I C S./ 
are here all of them conſpicuous, and eaſy to be ob- 


ſerved under all their Circumſtances of Beginning to 


appear, increaſe, Diviſion of one into many, the unit. - 


ing of many into one, the Magnitude, Decreaſe, Abo- 
lition, Diſappearance behind the Sun's Diſk, &&. 
5. By the Solar Teleſcope we alſo view an Eclipſe of 
the Sun to the beſt Advantage, as having it in our Power 
by this means to repreſent the Sun's Face or Diſk 
as large as we pleaſe, and conſequently the Eclipſe pro- 
portionably conſpicuous. Alſo the Circle of the Sun's 
Diſk may be ſo divided by Lines and Circles drawn 


thereon, that the amy of the Eclipſe eſtimated in ' 
Digits may this way be moſt exactly determined: Allo the 


Moments of the Beginning, Middle, and End thereof, 


for finding the Longitude of the Place: With ſeveral £ 


* 


other Things relating thereto. 8 


ſtrument. They will here appear truly round, well de- 


fined, and very black; their comparative Diameters to 


that of the Sun may this Way be obſerved, the Direc- 
tion of their Motion, the Times of the I 


been done. 


7. By the Sclar Teleſcope you ſee the Clouds molt ; 
beautifully paſs before the Face of the Sun, exhibiting - 


a curious Spectacle according to their various Degrees 


of Rarity and Denſity. But the beautiful Colours of 
the Clouds ſurrounding the Sun, and refraQting his Rays, 


are beſt ſeen in the Picture made by the Camera-Glaſs. 


The fine Azure of the Sky, the intenſely ſtrong and 
various Dyes of the Margins of Clouds, the Halo and 


Corena's, are this way inimitably expreſs'd. And ſince 


the Priſmatic Colours of Clouds, ſo variouſly compounded © 


here, make ſo noble and delightful a Phænomenon, I 


have often wonder'd to ſee no more Regard had thereto. 
by Painters, whoſe Clouds (though near the Sun) are 
ſeldom or never ſeen tinged or variegated with thoſe. 


natural Tints and Colours. nl nal 


8. I cannot here omit to mention a very unuſual” 
Phznomenon that I obſerved about ten Years ago in my 
The Window looked towards the 


darken'd Room. 


89 Wet, 


6. The Tranſits of Mercury and Venus over the Fin - 
of the Sun are exhibited moſt delightfully by this In- 


ngreſs and 
Egreſs, with other Particularsfor determining the Parallax _ 
and Diſtance of the Sun more nicely than has hitherto 
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whoſe Light was extinguiſhed by that of the Sun, ſo 


was eclipſed by it for ſome time þ. for the Image of the 


| ſerved their Motion was a little irregular, but rectilinear, | 


into the dark Room, ſometimes more, ſometimes leſs | 


at its Occultation. They appear'd to be in general 
about z* of an Inch in Diameter, and therefore muſt be 


the Meteor-Kind, or what Sort of Bodies they might 1 


ment in Optics, and deſerves to be greatly valued ; as 


Art can furniſh, for magniſying and exhibiting very ſmall I 
tranſparent Objects to the View of Spectators. 1 


Room, CD of the Frame containing a Scioptric Ball 


i 

| OrT1Cs. | 
Weſt, and the Spire of Chichefer Cathedral was directly, 
before it, at the Diſtance of about 59 or o. Yards... 14 
ufed very often to divert myſelf in obſerving the pleaſang 
Manner in which the Sun paſs'd behind the Spire, and 


» 
- 


Spire and Sun were very large, being made by a Lens 
of 12 Feet focal Dine 1 as 1 Wen I 
Occultation of the. Sun behind the Spire, juſt as the Diſk 1 
diſappear'd, I ſaw ſeveral ſmall, bright, round Bodies 
or Balls running towards the Sun from the dark Part of 
the Room, even to the Diſtance of 20 Inches. I ob- 


and feem'd accelerated as they approach'd the Sun. 


Theſe luminous Globules 8 alſo on the other / | 
Side of the Spire, and preceded the Sun, running out +} 


together, in the ſame manner as they follow'd the Sun 


very 1 Er luminous Globes in ſome Part of the Heavens, 
that they appear'd not in open Daylight; but whether of 
be, I could not conjecture. EP 3 
5 The Sol AR Microscope (ſaid to be the Invention 
of Dr. Liburkun a German, ) is a moſt curious Improve- 


2 


it is the beſt Method which Nature will admit of, or 


* 
* 


10. To this End it has been contrived very commo- 
diouſly in ſeveral different Forms, two of which I ſhall [ 
here illuſtrare by Diagrams. The firſt is as follows: 
AB is a SeQtion of the Window-thutter of a dark 


EF; in the Fore-part whereof is ſcrew'd the Tube 

IK H, at one End of which is a Lens G H, which 

y converging the Sun Beams into a narrow Compaſs 
does ſtrongly enlighten the ſmall Otje& ab placed upon 
a Slip of Glaſs or otherwiſe in the Part of the Tube. 
NQ, where a Slit is made on each Side for that Pur- 
poſe. Within this Tube there ſlides another L m » M 
which contains a ſmall magnifying Lens mn. 
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11. By moving the exterior Tube I G.H K one way 
and the other, the Glaſs G H will be brought to receive 
the Rays of the Sun directly, and will therefore moſt 
intenſcly illaminate che Oedt 43. The other Tube 
LY being ſlid backwards and forwards will, adjuſt the 
ſtance of the ſmall Lens mu, ſo that the Image of 
the Object a 5 ſhall be made very diftin& on the oppo-. 
lite Side of the Room at OP; and the Magnitude. of. 
the Image will be to that of the Object as its Diſtance, 
from the Lens mn is to the Diſtance of the Objea from 
it, as has been ſhewn in, Annot. CXXV. was + 
12. Thus for Example: Suppoſe, the focal Diſtance 
of the Lens mn to be 1 Inch = 7, and let the Diſtance 
at which it is placed from the Object be 1,1 = 4; then 
if the Lens be double, and equally convex, (as uſual). 
the Diſtance of the Image will be — - =f = 1407 
therefore the Image will be 110 times larger than the 
Object in its linear Dimenſions, and 110X 110 = 
12100 times larger in Surface, and in Solidity it will be 
110 X 110 X 110 = 1331Cc09- times larger than the 
Odject. IE 2 oh 
13. If the Lens, inſtead of 1 Inch, were but 1 an 
Inch focal Diſtance, then would the Diameter of the 
Image be twice as large, or 220 times larger than the 
Object; and the Superficies 4 times larger, viz. 4 * 
12100 = 48400; and the Solidity 8 times larger, viz. 
8 X 1331000 = 10648000, that is, above 10 Millions 
of times larger than the Object. | 7 
14. Once more; for very ſmall Objects we may uſe. 
a Lens 3 of an Inch focal Diſtance, and then the Image 
at the ſame Diſtance as before will be in Diameter 4 & 
110 = 440 times larger than the Object; in Superficies, 
16 X 12100 = 193600 times larger; and in Solidity, 
64 X 1331000 = 85184000 times larger; that is, any 
ſolid ſmall Object will at the Diſtance of 9 Feet 2 
Inches, by means of a Lens ; Inch focal Diſtance, be 
magnified above 85 Millions of times. * 
Is. Or more directly thus: Let the focal Diſtanc 
of the Double-Convex mn be 3 = r, and let the Diſ- 
tance at which the Image is formed be 12 Feet or 144 
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hitherto deſcribed, is that which I have contrived for my 


Plate L, 
Fig. 1. 


with a Groove on its Periphery on the Outſide, denoted a 


taken by a By-ſtander with a graduated Scale of equal 


the Lens; and in exceeding ſmall Objects, ſuch as the 


ever, that thoſe of a different Taſte may be gratified, 


their Uſe; of which it will be ſufficient to give a bare 


Orr ICS. 


P 


r 
fore may be taken for à of an Inch; conſequently the 
Diftance of the Image is 576 times the Diftance of the 
Object from the Lens, and ſo much larger will it be 
in Diameter, and in Surface it will be 576 X 576 =" 
331776 times larger, and in Solidity it will be 576 X ! 
576X 576 = 191102976 times larger: Or, a ſmall” 
Blood-Globule, or other ſolid Particle, will be magni- 
fied above 191 Millions of times ; an Effect prodigious, * 
and incredible to thoſe who are not converſant with } 
Glaſſes, or underſtand not the Rules of Optics. 1 

16. If the linear Dimenſions of the Image be nicely * 


Parts, the Dimenſion of the ty e will be known of 
courſe from the Diſtances of the Image and Object from 


Pores of Cork, the Particles of Blood, Animalcula in 
Semine, &c. there is no other Way of meaſuring them 
ſo well: And thus the Solar Microſcope becomes a Mi. 
crometer in the laſt Degree of poſſible Menſuration. 
17. The Ferm of this Inſtrument, as it has been 


own Uſe, and for theirs who regard more the general 
Convenience than the Grandeur of an Apparatus. Hows! 


the common Form is to be very much commended for 


Deſcription, illuſtrated by a Print: 3 
18. This Inſtrument conſiſts of ſeveral Parts, viz. A, 
a ſquare Frame of Mahogany to be fixed to the Shutter: 
of a Window by means of the Screws 1, 1. To this 


Frame is applied a circular Collar B of the ſame Wood, 


by 2, 3- This Collar is connected by a Cat- Gut to the 
Pulley 4 on the upper Part, which is turned round by 
the Pin 5 within. On one Part of the Collar, on the 
Outſide, s faſtened by Hinges a Looking-Glaſs G in a 
proper Frame, to which is fixed the jointed Wire 6, 7; 
by which means, and the Screw H &, it may be made 
to ſtand in an Angle more or leſs inclined to the Frame. 
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Int hs e Middle of the Collar! is fixed a Tube of Braſs C, 3 
near two Inches in Diameter; the End of which, on the, oo 
Outſide, has a convex Lens 5 to collect the Sun-Beams | 
thrown on it by the Glaſs G and converging them to- 
wards a Focus in the other Part, where D is a Tube 4 
ſliding in and out, to adjuſt the Object to a due Diſtance”: 
from the Focus. To the End G of another Tube F 
is ſerew d * e of Wilſon's Single Pocket Microſcopes, con- 
taining the Object to be magnified in a Slider; and by 
the Tube F, ſliding on the ſmall End E of the other 
Tube D, it is brought to a due focal Diſtance.  _ 

19. The great Artifice and Conveniency of this "Ys 
lar Microſcope is, that by means of the Glaſs G the 
oblique Rays of the Sun are made to go ſtrait along the 
dark Room parallel to the Floor, inſtead of falling up- 
on it. Thus let A B denote a Section of the Looking- 
Glaſs, and SC the Rays of the Sun impinging upon it 
at C, by which they are reflected to the Lens D, and 
from thence converged towards E to illuminate the Ob- 
ject to be magnified ; ſo that the Beam of Light 
from C to E in the Birection parallel to the oor, in- 
ſtead of falling on it in the Direction S G. By che 
Pulley 4, 5, the Glaſs is turned directly to the Sun, and 
by the jointed Wire and Screw at H it is elevated or de- 
preſs'd, ſo as to bring the Glaſs into the Poſition AB 
required, where the Angle of Incidence A C'S is equal 
to the Angle of Reflection BCE. Mr. Liberklum, a 
Pruſſian Gentleman, was the firſt who invented this 
Method of magnifying Objects, but without the Look 
ing-Glaſs, which was afterwards added to it. The 
Theory of this Contrivance and the Magic Lanthorn' is 
the ſame; only here we make uſe of Sun- Beams inſtead 
of Candle. Light, and the Object and magnifying Lens 
of the ſmalief dize. 

20. Another moſt egregious Contrivance of this Sort 
we have from the late learned Dr. $'Graveſange, which” 
he calls by the Name of HELIOS TATA, from its Pro- 
perty of fixi-g (as it were) the Sun- Beam in one Poſi- 
tion, viz. in an horizontal Diredion acroſs the dark Cham- 
ber all the while it is in Uſe.. It is an Automaton, or 
Piece of Clock-work, whoſe Parts are as follow. AA plate LI. 
is a Frame in which a Ka SpecyMm 8 is ſuſ- 

Fn pended, 
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pended, moveable about its Axis by means of two ſmall. 


Screws at aa. This Frame is fixed to the Piece C, 
which being hollow: is moveable upon. the cylindric 


Shaft P about the Iron Pin e. (See the Part by, itſelf.) 


This Pillar P is fixed to a triangular Baſe or Foot ſet 


perpendicular by the three Screws B, B., B. 


repreſented at H; the Plane of which Clock is parallel 


21. On the Back- part of the Speculum is: fixed: a 
long cylindric Wire or Tail D, in a perpendicular Po- 
fition. By this it is connected to the ſecond Part of 
the Helioſiata, which is a common Thirty-Hour Clock, 


to that of the Equator in any given Place. This Clock 
is ſuſtained on the Column F . in which it is moveable 
up and down by a thin Lamina or Plate that enters it as a 
Caſe, and fixed to a proper Height by the Screws d, d, 
at the Side. The Whole is truly adjuſted to a perpen- 


dicular Situation by means of the three Screws I, I, I, 
in the Tripod EL 


M, and the Plummet Q, whoſe 
Cu/pis muſt anſwer to the Point o beneath. 


22. The Axis of the Wheel, which moves the In- 
dex NO over the Hour-Circle, is ſomewhat large, and 


perforated with a cylindric Cavity verging a little to a 
conical Figure; and receives the Shank p 9 of the ſaid 
Index N O very cloſe and tight, that by.its Motion the 
Index may be carried round. In the Extremity O of 
the Index is a ſma]l cylindric Piece u, with a cylindric 


Perſoration to receive the Tail f of the Fork T, yet ſo 


as to admit a free Motion therein. In each Side of the 


Fork are ſeveral Holes exactly oppoſite to. each other, 
in which go the Screws r, 7, upon whoſe ſmooth cy- 
lindric Ends moves the tubular Piece R on its Auricles 
mm 8 „ 


7 


23. When the Machine is to be fixed for Uſe, ano · 


ther Part is made uſe of to adjuſt it; which is call'd 


the Peſitor, and is denoted by the Letters VX VZ. 


I be Cylindre C is removed with the Speculum from 
the Foot P, and the Braſ, Column VX put on in its ſtead, 


and adheres more ſtrictly to the Pin 4 that it may keep 


its Poſition while the Machine is conſtituted. 
224. On the Top of the Column, about X as a 


...* .,_ * Centre, moves the Lever V Z, fo that it may be any 


how inclinedfto the Horizon, and keep its Poſition. 


The Arm V X may be of any Length at Pleaſure, but 
the Arm V is of a peculiar Conſtruction, and of a 
_ determinate Length. To this Arm, which extends no 
farther than y, is adapted a Sliding: Piece Z x ſharp- 
pointed at Z. By this the Arm X E is determined to a 
given Length, the Piece Z x being fixed by the Screws 
© Ze 383 2 | . 3 + 7 
25. Upon this Arm is drawn the ſhort Line v, by 
of the whole Length X Z when ſhorteſt. The Reaſon 
is, this Arm is always to increaſe and decreaſe in Pro- 
portion to the Secant of the Sun's Declination to the 
Radius X Z when ſhorteſt 5 but the Radius is to the 
Secant of 23 30“ (the Sun's greateſt Declination) as 
10000000 to 10904411, or as 100 to 109, 
26. Now the Reaſon of this Conſtruction of the Arm 
X Z is to find for any given Day the Diſtance of the 
Centre of the Speculum S from the Top { of the Style 
IN, which muſt ever be equal to the Secant of the 


Sun's Declination ; for it muſt always be equal to the - 


Diſtance of the Jop of the ſaid Style / from the Centre 
of the Cylinder R in the Fork T, and that is ever equal 
to the ſaid Secant of Declination. #187 | 
27. For ſince the Style IN and the Fork T are in a 
Poſition parallel to each other, therefore the middle 
Hole in the Sides of the Fork being (as they muſt be) 
of the ſame. Height above the End of the Index O as 
is the Height, of the Style N T, tis evident that on 
an equinoctial Day the Sun's Rays will paſs directiy 
through the Perforation of the Piece R, if it be put in 
a Poſition parallel to the Plane of the Ecliptic, or that 
of the Clock; and alſo that the Top of the Shadow of 
the ſaid Style will fall exactly on the ſaid Hole. | 
28. In this Caſe the Top of the Style is at the leaſt 
Diſtance from the central Point of R, and therefore 
may be repreſented by Raius, while in any other Poſi- 
tion above or below, the Diſtance will increaſe in Pro- 
portion to the Secant of the Angle which the Rays 
make with this firſt or middle Ray, that. paſs by the 
Top cf the Style, and through the Hole R. 
29. Now it may be demonſtrated, that on any Day 
of the Year, if the Clock and its Pedeſtal be ſo fixed 


- 


Or TIC S. 


chat the Line of XII be exactly in whe Meridian, 01 
that the Poſition of R in the Fork be ſuch that the 
- Sun's Rays go directly through it, and the Shadow of . 
the Style's Top fall juſt upon the Hole; moreover if the 
Diſtance of the Centre of the Speculum S from the Top 
of the Style I be made equal (by the P/tor) to the 
Diſtance of the central Point of R therefrom; and laſtly, 
the Tait of the Speculum DE paſſing through R; if 
then the Clock be put into Motion, the Index NO 
ſhall carry about the Tail of the Speculum in ſuch a 
Manner, that at all Times of that Day when the Sun 
can come upon the Speculum it will reflect the Rays 
conſtantly in one and the ſame erg and Direction ; 
all the time without Variation. | 
30. The Machine thus conſtituted. is placed in a 
Box or Caſe,” and ſet in a Window with one Side open, 
expoſed 'to the Sun, and all the other Parts cloſe; ſo 
that when the Room is made dark, and the Solar Mi- 
croſcope fixed to the Forepart of the Box i in which the 

Helioftata is placed, juſt againſt the Centre of the Spe · 
culum̃ to receive the reflected horizontal Beam, all the 
Experiments of the darken'd Room are then performed 
as uſual. This is a very ingenious Conſtruction of a 
Solar- Microſespe Apparatus, and full of Art, but, 1 fear, 
too expenſive and troubleſome for common Uſe. - How-. 
ever, tis eaſy to ſee that this Machine is capable of 
being greatly reduced; for it may be made to anſwer 
the End wery well without a Clock; alſo the Speculum 
may be Glaſs inſtead of Metal, and all fix'd on one 


Foot or Pedeſtal: But this I leave to rell e, of 
Fe une ener) MLS 
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AST RON O Uu x. 


LECTURE xt. 


o Ae a the Uk f the 
| OnkRRY and COMETARIUM. 


8 


of the Untvense; an Ix IN of Sys- 


' TEMs ; of the PToLOMAIc SYSTEM ; the 


TychONIC SYSTEM; of the Cie 
or SOLAR SYSTEM ef the World. The 
Extent and Conſtituent Pax rs thereof. 
ARGUMENTS for the Truth thereof. Dx- 
MONSTRATIONS of its Truth. ' Of the Sux; 
tbe PRIuARY PLANETS; the Secondary 
Planets, or Moons. The ComeTs. Of 
the Magnitude, Motion, Maculz, &c. 


f the Sun. Of the Number, © Order, 


' Magnitude, Diſtances, &c. of the PLA- 
NETS; their Periods; of the Nodes, In- 
clination, and Aphelia of their ORBITS. 
f the Moon, its Phaſes, Period, - Diſ- 
tance, Magnitude, and Light. 'Of the 
SATELLITES or Moons of Jupiter and 
Saturn. Of Saturn's RING. The Ma- 
 THEMATICAL THEORY F the ' CELES- 
TAL Moriox, with CALCULATIONS and 
| EXAMPLES. 


ExaMpLes. 07 the Oi; an bil. 
rical Account of the Invention and Im- 
provements thereof. A Deſcription of the 
 ARMILLARY SPHERE. Of the MoTiox 
of the EarTa abgut ite Axis, and about 
the Sun. The VicissITuDEs of the Sr a- 
sous explained. Of the yarious;LzENGTRs 


of Dars and Nionrs. The Third Mo- 


tion of the Earth; the great PLA Toxic 
VAR; .tbe Recess10N.of the EqQuinoxes 


| explaind. A Calculation of the bott 


Time of. the Day. T. he Doctrine of, Solar 
and Lunar .EcLieses fully explain d, by 
Calculations on 4 Mathematical Theory. 


An Explanation of the ASTRONOMY of 


Comtrs. A new Method for, Conſtruc- 
tion. of their ORBITs. Calculations. re- 
lating to the whole TazoRy of Comet. 
An Analytical Inveſtigation of their El- 
 liptic Orbits. Of their Tas, and all 
otben Phænomena gccounted for on the ge 
nuine Principles Phyſics, 


MF: $nars in this Lecture endeavour to ex- 
1 Hhibit to you a 7uft and natural Idea of 
be Mundane, or Solar Syſtem, that is, the 
- Syſtem of the World; conſiſting of the 
Sun; the Primary Planets, and their Seron- 


Au or Moons; 9 Comets z and the Fixed 
Stars; 


on end. 
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ASTRONOMY. 


Stars; according to the Hypotheſis of Py- 
thagoras among the Ancients, aid revived 

by Copernicus : Which Syſtem is fully prov- 
el, and eſtabliſhed on che juſteſt Reaſon- 


ing, vis. Phyfical and Geometrical Con- 
clufions, by all our modern Aſtronomers 
(CXXXI.) 1 


(CXXXI.) 1. By the Untverse we are to under- 
ſtand the whole Extent of Spacb which, as it is in its own 
Nature every way infinite, gives us an Idea of the In- 
finity of the Univerſe, which can therefore be only in 
Part comprehended by us: And that Part of the Uni- 
verſe which we can have any Notion of, is that which 
is the Subject of our Senſes; and of this the Eye pre- 
ſents us with an Idea of a vaſt extended Proſpect, and 
the Appearance of various Sorts of Bodies diſſeminated 
through the ſame. e | 

2. The infinite Abyſs of Space, which the Greeks 
call'd the rd wa, the Latins the Inane, and we the 
Univerſe, does undoubtedly comprehend aa Infinity of 
Syſtems of moving Bodies round one very large central 
one, which the Romans call'd Scl, and we the Sun. 
This Collection of Bodies is therefore properly call'd 
the SOLAR SYSTEM, and ſometimes the MUNdpANR 
SYSTEM, from the Latin Word Mundus, the H#orld. 

3. That the Univerſe contains as many Solar Syſtems 
or Worlds as there are what we call N Stars, ſeems 
reaſonable to infer from hence, that our Sun removed 
to the Diſtance of a Star would appear juſt as a+ Star 
does, and all the Bodies moving about it would diſap- 
pear entirely. Now the Reaſon why they diſappear is 
becauſe they are opake Bodies, and too ſmall to be ſeen 
at ſo great a Diſtance, without an intenſe Degree of 
Light; whereas theirs is the weakeſt that can be, as 
being firſt borrowed and then reflected: to the Eye. 
4. But the Sun, by reaſon of his immenſe Bulk and 
innate. Light, which is the: trongeſt- poſſible, will be 


Tus © 


g6 : 


Taz moſt celebrated Hypotheſes, or 996 
tems of the World, are th ree, vix. ay 4 


viſible at an immenſe Diſtance; 3 but the greater the pick 


.Subſtances. : 
: 35 the Mind, and worthy ofthe Infinite and Wiſe Au- 


created ſo, many glorious Orbs to anſwer ſo trifling 


As T RON OM T 


tance, the leſs bright it will appear, and of a leſſer 


- Magnitude : And therefore every Star of every Mag- 


nitude may probably be a Sun like our own, inform 
ing a Syſtem of Planets or moving Bodies, each off 
which may be inhabited like our Earth with. various 
Kinds of Ammale, and Rored with eee and other 


5. In this View af e Unirerte, an auguſt Idea ariſes] 


thor of Nature, who can never be ſuppoſed to hae 


Purpoſe as the twinkling to Mortals by Night now aud 
then; beſides that the far greateſt Part of the Stars ate! 


never ſeen by us at all, as will be farther ſhewn when 
we come to treat of thoſe celeſtial Bodies. 9 


6. When therefore AMſes tells us, that in the Beis 


ning God created the Heavens and the Earth, it is to be 


underſtood in a limited Senſe, and to mean only the 
Making, or rather New-making, of our Terraqueoui 
Globe; for tis expreſsly ſaid that the Earth in its firſt 
State was a Chass, (in Hebr:-w . Shapeleſs and 
Void) which probably might be only the Ruins of a prey 


exiſtent Globe inhabited by rational Creatures in thei 


ſame manner as ſince its Renovation. And though ity 


be faid, God made two great Lights, the Sun and the 
Aon, it does not follow they had no Exiſtence beforeh 
that Time, any more than it does that the Stars had 
not, which he is ſaid to have made alſo. 1 


7. No if the Stars had no Exiſtence before the Me 


ſaic Creation, then were there noother Syſtems of Worlds 


before our own; then muſt all the Infinity of Space has 
been one eternal abſolute Inane or Empty Space till that 
Time, and God who made the Worlds muſt be ſuppoſel 
to have made them all at once: Which Suppoitian 
are too extravagant and unreaſonable, and therefore} 


cannot he the Senſe of that —— of Scripture; w 
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ASTRONOMY... 


| The Prulbmeun, invented by Ptolomy, an an- 
tient Egyptian Philoſopher, which aſſigns 
ſuch Poſitions and Motions to the heavenly 


Bodies, as they appear to the Senſes to 
haves {2.) The Tychonzc Syſtem, or that of 
the noble Daniſh Philoſopher, Tycho Brabe. 


(3-) The Pythagorean, Copernican, or Solar + 


Sem, above-mentioned, Of all which in 
Order (CXXXII.) "2 


Twink can be no tnore thin this, that when God hat 


form'd the Earth into an habitable Globe, he gave it 


ſuch a Poſition and Motion about the Sun, and about 
its own Axis, as ſhould cauſe an agreeable Variety in 
the Length of Days and Nights, and in the Tempera- 
ture of the Seaſons of the Year: All which will be 
hhewFo have their Exiſtence and DiſtinQion reſulting . 
from "theſe Principles, and no other, in the Sequel of 


0 


the Notes to this Lecture. 5 | | 
( CXXXII.) 1. Ihave thought it expedient to illuſtrate 


the Idea of the three remarkable Syſtems of the World 
above-mentioned by proper Diagrams ; in the Firſt of 


which you view the Diſpglition of the Heavenly Bodies 


97 


according to the Hypotheſis of Claudius Pto/omeur, a = III. 
famous Mathematician and Aſtronomer of Peluſi m in g. to 


Egypt, who lived in the firſt Part of the ſecond Century 
after Chriſt. ER LET 3 


2. This was firſt invented and adhered to chiefly be- 


cauſe it ſeemed to correſpond with the ſenſible Appear- 
ances of the Celeſtial Motions. They took it for granted 
that the Motions which thoſe Bodies appeared to have 


were ſuch as they truly and _ performed; and not 
Larth, nor being ap- 


dreaming of any Motion in the 


prized of the Diſtinction of abſe ute, re atiue, or apparent 


x 


Moticn, they could not make a proper Judgment of 
ſuch Matters, but were under a Neceſſity of being miſ- 


| vor. III. H Tus 
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Pl. LIV. 
Fig. 1. 


ASTRONOMY. 


Tur Pfolomean Syſtem ſuppoſes 1 the Earth 
immoveably fixed in the Centre, not of the 


l led by their very Senſes, for want of proper Afliftance 


which After-Ages produced: 

3- *Tis eaſy to obſerve they had no Notion of, any 
other Syſtem but our own, nor of any other World but 
the Earth on which we live. They thought nothing 
leſs than that all Things. were made for the Uſe 


Man; that all the Stars were contained in one concale 


Sphere, and therefore at an equal Diſtance from the 
Earth; and that the Primum Mobile was circumſcribed 


by the Cælum Empireum of a cubic Form, which they 
ele to be the Heaven, or bliſsful Abode of fdepantes 


Souls, 


4. It would ſcarce have been worth while to have 


\  faid ſo much about ſo abſurd an Hypotheſis, (as this is 


now well known to be) were it not that there are till 
numerous Retainers thereto, who endeavour very zea- 


louſty to defend the ſame, and that for two Reaſons 


. principally, viz. becauſe the Earth is apparently fixed 


in the Centre of the World, and the Sun and Stars 


move about it daily ; and alſo becauſe the Scripture 
aſſerts the Stability of the Earth, the Motion of the 


Sun, Sc. 


5. Theſe two Arguments merit no particular Anſwer. 


It is ſufficient, with reſpect. td the firſt, to ſay, that we 


are aſſured Things may (yea muſt) appear to be, in 


1 many Caſes, what they really are not, yea to have ſuch 


Window, ſee an apparent Motion of the 
Trees, c. on the Strand the contrary Way, but will 


He will ſee an apparent Motion of the u 
the contrary ne out wall ok ee ** in the 


Affections and Properties as are abſolutely contrary to 
what they really poſſeſs. Thus a Perſon ſitting in the 
Cabin of a Ship under Sail, will, by looking out at the 

1 agg the 


perceive no Motion at all in the Ship. Alſo a Perſon 


ſitting in a Wind-Mill, if the Mill be turned about, 


pright Poſt 
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Vert only, but of the Univerſe; and that 
; the San, the Moon, the Planets, and Stars, 


; 6, All thoſe Caſes ate exaMy parallel to that of the 
Earth, (the Reaſon of which has been ſhewn in the 
former Part of this Work, Anni. XX.) and it is as 
rational to affert the Ship and the Mill are really quieſ- 
cent, and the other Bodies poſitively in Motion, as it is 
to inſiſt on the Motion of the Sun, and the Earth's be- 
ing at Reſt in the Centre. | 
7. As to the Scripture, as it was never intended for 
an Inſtitution of Aſtronomy or Philoſophy, ſo nothing 

is to be underſtood as ſtriẽtly or poſitively aſſerted in 
relation thereto; but as ſpoken only agreeably to the 
common Phraſe, or vulgar Notion of Things. - And 
15 thus Sir Jaae Newton himſelf would always ſay, the 
i Sum riſes, and the Sun ſets; and would have faid with 
Ne, Sun, ſtand thou ſtill, Ac. though he well knew 

f it was quite Cotitrary. in the Nature df the Thing. 

0 8. How ridiculous a Thing does Popery appeat to be 
4 to all rational Minds, or to thoſe who are at liberty to 
think, by inſiſting on the liter al Senſe of Scripture ſo 
5 rigidly. in the Expreſſion, This is my Body! And is it 
not equally abſurd to maintain that the Earth ſtands uy- 
em Pillars, only becauſe.we read fo in the Bible? What 
an aukward Shift · are thoſe. celebrated Mathematicians 
Meſſ. Le Seur and Facguier obliged to make; in their 
US Commentary on Sir Iſaac's Principia The Editor, for- 
$ ſooth, is here the Commentator on all thoſe Parts that 
7 relate to the Earth's Motion or Copernican Syſtem : And 
uy becauſe their Deelaration is ſomething 9 ular in 
the its Kind, I ſhall here give it in their own Words. 


will Pp. Le Stu & Jacguirt Deelaratid. 
Neuotonus in hoc tertio libro Telluris mote hypetheſin aſ- 
ſumit. Autoris Propoſutones aliter explicari nn poterant, 

niſi eudm quoque faltd hypotheſi. Hinc alienam coatti 
ſumus gerete perſonam ; caterum latis d ſummis Pontifici= 
bns contra Tulluris Motum Decretis nos obſequi preſitemur. 


Tr oc Y all 


„5 


As TRONOM v. 


all moved about it from Eaſt to Weſt once 
in twenty- four Hours, in the Order fol- 


In Engliſb thus: 


cc Newton in this Third Book has aſſumed the Hypo- 5 | 


« theſis of the Earth's Motion. The Author's Propo- 
ce ſitions are not to be explain'd but by making the 
«© ſame Hypotheſis alſo. Hence we are obliged to pro- 
« ceed under a feigned Character; but in other Re- 


CC ſpects we profeſs ourſelves obſequious to the Decrees 


e of the Popes made againſt the Motion of the Earth.” 
9 By this it appears how well many People under- 


ſtand the Truth, who yet dare not to profeſs it. But 
to conclude this Head: There is no Authority equal to 
that of Truth; the common Opinion, the literal Ex- 


preſſion of Scripture, the Decrees of Popes, and every 
thing elſe __— way to plain and evident Deinon- 
ſtration; of which we. have abundantly ſufficient for 


_ eſtabliſhing the true Syſtem of the World againſt all 


Pl. LII. 


Fig. 2. 


Oppoſition. 


10. The Tycnonic SysTEm is repreſented in the 


next Diagram. This had its Original from Tzcho Brabe, 
a Nobleman of Denmark, who lived in the latter Part 
of the laſt Century; he built and made his Obſervations 
at Uraniburg, (i. e. Celsſtial Tower) in the Iſland Heer 


or Huena. This Philoſopher, though he- approved of 
the Copernican Syſtem, yet could he not reconcile him- 


ſelf to the Motion of the Earth; and being, on the 


other hand, convinced the Ptolemean Scheme in Part 


could not be true, he contrived one different from either, 
which is repreſented by the next Diagram. 


11. In this the Earth has no Motion allowed it, per | 


the Annual and Diurnal Phænomena are ſolved by the 


 fimply and natura 
eaſy to obſerve in 


Motion of the Sun about the Earth, as in the Ptolomaic 


Scheme; and thoſe of Mercury and Venus are ſolved by 
this Contrivance, though not in the ſame Manner, 15 


932 as in the Copernican Syſtem ; as is 
Figure. e | 


0 $ 
” - 
— * 


lowing, 


ASTRONOMY. 


| lowing, 012. the Moon, Mercury, Venus, 
the Sun, Mars, Jupiter, Saturn, the Fixed 


Stars; and, above all, the Figment of their 
Primum Mobile, or the Sphere which gave 
Motion to all the reſt. But this was too 
groſs and abſurd to. be received by .any 
learned Philoſopher, after the Diſcoveries 
by Obſervations and Inſtruments which ac- 
quaint us with divers Phznomena of the 
heavenly Bodies, altogether inconſiſtent 
with, and, in ſome Things, exactly con- 
tradictory to, ſuch an Hypotheſis; as will 


be ſhewn by the Arguments adduced to 


prove the Truth of the Copernican Sylem. 
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Tux Tychonic Syſtem ſuppoſed the Earth Pl. LIL. 
in the Centre of the World, that is, of the F's 2. 


Firmament of Stars, and alfo of the Orbits 
of the Sun and Moon; but at the ſame 
Time it made the Sun the Centre of .the 
Planetary Motions, viz. of the Orbits of 


Mercury, Venus, Mars, Jupiter, and Saturn. 


12. After this Scheme had been propoſed ſome time, 
it received a Correction by allowing the Earth a Motion 
about its Axis, to account for the Diurnal Phanomena 
of the Heavens; and ſo this came to be call'd the 
Semi-Tychonic Syſtem. But this was ſtill wide of the 


Truth, and encumber'd with ſuch Hypotheſes as the true 


Mathematician and genuine. Philoſopher could nevet 
reliſh. Therefore both theſe Syſtems, and all others, 


zt length gave way to the True Solar Syſtem, to be 


more fully deſcribed in the following Notes. 


ö | Thus 


ASTRONOMY, 


Thus the Sun, with all its Planets, was 
made to revolve about the Earth once a, 
Year, to ſolve the Phenomena ariſing Ben 
the annual Motion; and the Earth about 
its Axis from Weſt to Eaſt once in 24 
Hours, to account for thoſe of the una 
Motion. But this H y potbeſis 18 ſo mon- 
ſtrouſſy abſurd, and contrary to the great, 
Simplicity of Nature, and in ſome reſpects 
even contradictory to Appearances, that 1 15 
| obtain'd but little Credit, and ſoon gave 
way _—.-- 
Pl. Lill. TIE Copernican Syſtem of the World 
which ſuppoſes the Sun to poſſeſs the cen 1 
tral Part; and that about it revolve BG. 
_ Planets and Comets in different Periods oß 
Time, and at different Diſtances ther efrom, | | 
in the Order following, viz. (CXXXIII. = 


(CXXXIII.) E. The SOLAR SYSTEM, as it is now 
taught, was in ſome part invented by the Ancients, per- 1 
haps by Pythagoras himſelf; for though Diogenes Laertirs 1 1 
in writing his Life ſays no more of him than his 1 a 
the Anti podes of the Karth, yet Ariſtotle tells us that the 
Sect of the Pzathagoreans taught that the Earth was cur- 
ried about the Centre, (viz. the Sun) aming the Gare I 
(i. e. the Planets) and by turning about (its Axis) canſed 

| Day and Night. Hence it came to be call'd the Fy- | 
. THAGOREAN HvrorRxEsis or SYSTEM ef the Ih orld. 
1 22. But ſome of theſe, 'tis ſaid, allow'd only one 
Motion of the Earth, viz. the „ while others, I 

as Philolaus, Ariſtarchus the Samian, Plato in his ad- 


e * ala Seleucus the Mathematician, and oY I 
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I. Mercury, at the Diſtance of about 
32 Millions of Miles, revolves about the 


maintain'd the Earth had two Motions, the diurnal about 
its Axis, and the annual Moticn about the Sun. Hence 
it is alſo call'd the PHiLoLarc SYSTEM. | 
3. But the Aſtronomy of theſe early Ages died in its 
Infancy, and was buried in Oblivion for many Ages 
after; till at length it began to be revived by Cardinal 
Cuſa, who wrote in Defence of it,- but to no great Pur- 
poſe, till after him it was eſpouſed by the celebrated 


dertook to examine it thoroughly, and explain'd by it 
the Motions and Phznomena of the Heavenly Bodies fo 
well to the Satisfaction of the Learned, that he was ge- 
nerally follow'd therein by the principal Aſtronomers 
of that and the following Age; as Rheticur, Ro:hman- 
nus, Lanſbergius, Schikardus, Kepplerus, Galileo, apd 
numberleſs others. From this Time it was call'd the 
CoPERNICAN SYSTEM. | 
4. After this aroſe divers great Men, as Gaſſendus, 
Hevelius, Bullialdus, Ricciolus, the two Caſſiui s, Mr. 
Hugens,  Horrox, Biſhop Ward, Mr. Flamſtecd, Dr. 
Halley, Dr. Gregory, Dr. Keil, and, above all, that ſu- 
perlative Genius Sir IJſaac Newton ; who all of them, 
with the greateſt Pains and Diligence, applied them- 
ſelves to make Obſervations, to invent Inftruments, and 


the laſt great Man, that the 
and Conſtitution of all and every Part of the Solar Syſ- 
tem, both of Planets and Comets, became ſo well de- 
fined, ſtated, and eſtabliſhed,” as to admit of no Con- 
teſt or Scruple, with any Man properly qualified to un- 
derſtand it; and which therefore ought for the future 
to be called the NEWTONIAN SYSTEM F the World. 

5. This SYSTEM (no longer now to be call'd an 
Hypotheſis) is repreſented in a Plate by itſelf, with the 

Orbits of all che Planets and Comets (hitherto deter- 


* BL es 


4 * 


| Nicholas Copernicus, a Canon of Thorn in Poliſb Pruſſia, 
where he was born A. D. 1473. This Gentleman un- 


to inveſtigate the Phyſical Cauſes of Celeſtial Phæno- 
mena ; in which they ſo happly ſucceeded, eſpecially - 
Nature, Extent, Order; 


Pl. LI. 
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Sun in che Space of 87 Days, 23 Hours | 
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be repreſented very well in Proportion, but the reſpec- q 


ſuch Globes or graphical Delineations as is the Plate 1 


and 16 Minutes. 


mined) and at their proper Diſtances from the Sun, re- 
preſented by the central Point; it being impoſſible to 
repreſent, either by an Inſtrument or Diagram, the 
true Proportion both of Magnitudes and Diſtances of 
the Sun and Planets, as will appear by what follows. 
6. For it muſt be allowed, that to render any Ma- 
chine or Delineation uſeful, the leaſt Part ought to be 
viſible; and one cannot well affign a leſs Bulk for the 
Globe of the Moon, than what is here repreſented 'in 
this Plate; which being fixed upon, the Magnitudes of the 
< Planets Mercury, Venus, the Earth, Mars, Feet and 
Saturn and its Ring, muſt be ſuch as are ſhewn under 
the reſpective Names in the Plate; and with reſpect to 
theſe the Sun's Bulk or Face will be repreſented by the 
exterior Circle of the Diagram, which here repreſents 3 
the Ecliptic in the Heavens, and is nearly 9 Inches in 
Diameter. | ; . i 
7. Now the Diameter of the Earth in this Scheme 

is 18 of an Inch, its Semidiameter is therefore 28; and 
the Diſtance of the Earth from the Sun's Centre is about 
2c000 Semidiameters. But 20000 X /z=1000 Inches 
= 831 Feet; and ſince the Diſtance of Satu n is near 
ten times as great, it is evident the extent or Diameter of 
a Machine to exhibit the ſeveral Parts of the Solar Syſtem | 
in their due Proportion of Diſtances and Magnitudes 
(th:ugh ns bigger th in thoſe here afſizn'd) will be at leaſt Þ 
1600 F et, er mire than a Quarter of a Mile : And con- 
'ſequently the Circumference of Saturn's Orbit will mea ure 
very near a Mile. | : 


8. In a much leſs Compaſs indeed the Diſtances might 1 


tive Magnitudes can no otherwiſe be ſhewn than by 


of the Diagram under Conſideration; Another Thing 
which cannot be properly repreſented in ſuch a Plate is 
the Inclination of any Planetary Orbit to the Plane of 
the Ecliptic, eſpecially the Orbits of the Comets, f 


1 II. VENUS, | 


„ 8 : ; 4 1 
* : . * . „ 


* c / 
# E ;: wow  -- 4 . , - .-» \ 
Jen £ 60 
: . % 3 7 A . ; 5 4 8 # - 5 * 
ö : T v 2 28 : * 0 8 F 
a 1 * hae * £5 
* x F % * 11 Sas... 3 = . 


„ 


N - 


. 


. 
. 97 . 


by 
e 


ö * 1 

1 

-Y 

3 4 | | 

0 4 * 8 | 
+ 


it 


| 


4 
8 en 
e 


— 


e 


PPP ˙ * ˙ »ẽůnu e . ̃²ͤ ⅛.t1T1T.. ¾ —ͤũ! , , — . 7˙ Ä 21 io I EP I re > 


* 


1 = 
- 1 2 
8 ” 2 _ oh - 2 
A K we TINY 
* 4 * 1 


rr 
. 4 N : 
44-200 . Fi : 1 ; 
way * " "4 * 1 "Y 3 . 's 
e , abs rm — q: ̃ ˖0g̃]§—˙‚]—.ũKm ̃²˙ ü PINE RR AFRO. — PWR age EI re). RAS. 


T7 x 7 5 i * 4 


£ 


158 


* 


{i N 
ch 


N r 


l. Venvs;-at-the= 
lions of Miles, in 224 Day 
Minut ts, 3 
Tur A at the Diſtance of 
about 82 Millions of | Miles, in 365 Days, 
6 Ho 8, 9 Minutes, or Sydereal Year. 
A 
of Miles, in 686 Days, 3 Hours, 27 Mi- 


nutes, or 1 Year, 321 Days, 417 Hours, 
and 19 Minutes. 4 


V. [UPITER, x at the Diſtance of 424 
Milliohs of Miles, in 4332 Days, 12 Hours, 
20 Mihutes, or almoſt 12 Fears. 
VI. Sa ruxx, atthe Diſtance of 777 Mil- 
lions of Miles, in 10759 Days, 6 Hours, 
300 Minutes, or nearly 36 Years. 
VII Tun CoMers, 1 in various and vaſtly 
eccentfic Orbits, revolve” about the Sungin 
differet it Situations and Periods of Time, 
as repf eſented in the Scheme of Mr. ike? 
tor's Solar Syſtem (EX XIV. V\)..* 
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7 * 
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whoſe Poſitions we can by no means this IN 
Idea, The ſeveral Parts therefore cf the 8 Syflem 


muſt be explain'd and illuſtrated by diſtin& Theories, 


with proper Figures adapted to each: And this will be 
the Subject of the following Notes. 


(CXXXIV. ) 1. The Periodical Times of the pri- 


mary Planets, dir Haac Newton ftated in Days and De- 
are” Parts of . Lay, as follows: : 


S 1 * | 
$1,992 2246176. es, hes 686,978. 41810 
10759575. 


e . 5 


| Mans, at theDiſtanceof 123 Millions 


Jo The 
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Pl. LIV. 
Fig. 1. 


the Plane, as N LO, and the other Half NA O be- 


hy 


ASTRO N OM v. 


2. The mean Diſtances of the Planets from the lun = 


are thus ſtated by dir /aac* _ | 
According to Kepler, 


g D 7 1 ler 


8 
38806. 72400. I00000. 152350. 519650. 957000. 


According to Bullialdus, 


8585. 52468. 100000. 152350. 5225 20. 954198. 
FREY According to the Periodical Times, 


$710. 72333. 100000. 152369. 520096. 954006, 15 
. efore we can ſhew how the Periodical Times 


and Diftances of the Planets are found, it will be ne- 
ceſſary to premiſe the following Things, viz. The Orbit 
of a Planet is not in the Plane of the Ecliptic. Thus let 
ANLO be the Orbit of a Planet P, and let B CET 
be the Earth's Orbit, which is in the Plane of the Eclip- 
tic; then will one Half of the Planet's Orbit lie above 


low it. 
4. The two Planes, therefore, os the Planet's Orbit _ 


F the Ecliptic will inter ſect one another, which Interſec- 


tion will be a Right Line, as NO; and this is -call'd 
the Line of . Nodes, the Nodes being the two Points 
N and O, in which the Planet deſcends below, or aſ- 
cends above, the Plane of the Ecliptic: Whence O 


is call'd the Aſcending Mae, and N the Deſcending 


Node. 


F. Let the Curve N O be deſcribed in the Plane of 


the Ecliptie perpendicularly under the Half Orbit NLO; 


then is the Curve N O ſaid to be the Projection of the 
Planet's Orbit NL O on the Plane of the Ecliptic, and þ 


the prejected Place of the Planet P, or its Plage reduced | 


to the Etliptic. 
6. The Angle LO m moaſutes the pee of the 


lane of the Flanet's Orbit to that of the Ecliptic ; which 


s alſo call'd the OB/iquity thereof. The perpendicular 


Diſtance Pp is the Latitade of the Planet from the Plane 
ef the Echptic; and Ln is the greateſt Latitude, if 
LO or LN de a Quarter of a Circle. 


Alſo the Diſ- 
tance of the Planet from the Node, viz. P O, is call'd 


the Argument of Latitude. 


7. Draw S R, Sp, and TP, Typ, and join ST; then 


is the Angle P Sp the true Latitude ſeen from the Sun 


0 


7 . - ow 


— 


* 


at d, and therefore call'd the Helzzcentric Latitude; and 
the Angle PT p is the apparent Latitude, or that which 
s ſeen from the Earth at T, and is therefore call'd th 
OCeocentric Latitude. 55 
8. The true Diſtance of the Planet from the Sun and 
Earth is meaſured by the Lines SP and PT; but 8; 
and To are call'd the Curiate Diflances. Alſo. in the 
Triangle Sp T the Angle S Tp is call'd the Angle of 
Elongation, or Diſtance of the Planet from the Sun. 
The Angle Sp T is call'd the Parallactic Angle, as being 
at under which the Semidiameter of the Earth's Orbit 
is ſeen; and the Angle pS T at the Sun is uſually call'd 
the Angle of Commutation. „ 
9. We may now proceed to ſhew the Methods of der 
termining the Periodical Time of a Planet; which may 
de done either by the Conjunctions or Oppoſitions of 
the Planet to the Sun. Thus, for Example, obſerve 
well the Place of Jupiter in the Ecliptic at his Oppo- 
ſition to the Sun, and alſo when he comes to be in 
poſition to the Sun again; and note well the Time that 
lapſed between. Then ſay, 4s the Arch deſcribed be- 
teen the two Oppoſitions is to the while Circumſerence, ſs 
| is theTime in which that Arch was deſcribed, ta the Peri- 
edical Time, very nearly; for it will not be exactly fo, 
| becauſe the Motion of a Planet is not quite uniform, as. 
moving in an Ellipſis, and not in a Circle. In the ſamg 
manner you proceed for an inferior Plane. 
10. But a more accurate Method is by obſerving 
nicely the Time that elapſes between the Planet's being 
twice ſucceſſively in the ſame Node, (which may be 
eaſily known, . becauſe in that Part of its Orbit the Play 
net has no Latitude) and that will be the Periodic] 
Time. of the Planet; ſor in one Revolution of a Planet, 
the Nodes, (if they move at all) will not move ſenſibly, : 
and may therefore be eſteemed as quieſcent. | 
11, In order to eſtimate the Diſtances of the Planet 
we proceed for Venus and Mercury in the following Man- 
ner. Let the Place of the Planet in its greateſt Elon- 
gation from the Sun be duly obſerved, the Difference 
between that and the Sun's Place (as ſeen from the 


Earth) will be the Quantity of the greateſt Elongation, 


or of the Angle A T'S, with reſpect to che Planet e. 


ns 


* 


« 


* 
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tie of the aſcending Node for each Planet is as follows : 


ASTRONOMY: 
us in her Orbit at A. And ſince the Orbit of Venus 
is nearly circular, the Line T A will touch the Orbit in 


the Point A, and fo the Angle FAS will be a Right 


one. Suppoſe the Angle ATS = 47 Degrees by Ob- 
ſervation ; then if we put the Diſtance of the Earth 
S T = 100000, ſay, As Radius or Sine of 90“ is to the 
Sine of 47, ſo is TS = 100000 to SA = 73000, 
nearly the Diſtance of Venus from the Sun. 


12. In like manner may the Diftance of Mercury 


from the Sun be determined in the Groſs, but not ſo 
-pearly as that of Venus, becauſe the Orbit is much more 


excentric or elliptical, and therefore the Angle TRS 
will not be a Right one. Its Quantity therefore muſt 


be found from the Theory of the Motions of Mercury 
founded on Obſervations; and from thence the third 
Angle T SR will be known, and conſequently the Side 
S R, which is the Diſtance of Mercury from the Sun. 

13. In the Superior Planets this Matter is not quite 
ſo eaſy ; however, there are divers Methods by which 


it may be done, by having the Theory of the Earth 


known, which gives the Side 8 T; and by Obſervation 
the Angle S TP is known, which is the Difference of 
the Geocentric Place of the Sun and Planet ; then there 
remains only the Angle SP T to be found, which Aſtro- 
nomers ſhew how to do ſeveral Ways; one of which 
is peculiar to 7ui:er, being done by means of one 


of his Satellites, as will be ſhewn when we treat of 
them. | : 


14. As I have in this Note mentioned the Incli- 
nation of the Planets Orbits to the Plane of the Eclip- 


tie, I ſhall give the Quantity thereof for each Planet as 


follows : 
5 i 0 7 H 
Mercuryis 6 59 
Venus — 3 23 


Jupiter — 1 20 
Saturn — 2 33 


F + 


20 
The Inclination of the Orbit of ¶ Mars — 1 52 : 
by EL, 
30 


15. Alſo the Line of the Nodes in the ſeveral Plane - 
tary Orbits is determined; and the Place in the Eclip- 


For 


5 „ 


Mercury in u 14 4 00 8 
yy NFerus — It 14 25 $4 

2 For Har- — 18 29 54 

h „ 7. 1 19:,\$8 

e Saturn — & 21 49 54 

16. The Diſtance of the Planets from the Sun 2s 

dove determined are reducible to Engſiſo Miles, by firſt 


ſo I finding the Earth's Diſtance in that Meaſure ; and this 

-e MW is done by finding the Quantity of the Sun's Parallax, 

o lf that is, of the Angle under which the Earth's Semidi- 

& I ameter appears at the Sun. Thus let S be the Centre py x xy 
of the Sun and C the Centre of the Earth DEF in her pi 5 

4 Orbit AB; the Angle DSC is that which we ſpeak of, 85 

le as being that under which the Semidiameter C D of the | 

 - Wl Earth appears at the Sun. | 

te 17. To find this Angle Aſtronomers have attempted 

h Variety of Methods, but have as yet found none that 

þ vill determine it exactly; however, by many repeated 

n I Obſervations of Dr. Halley it is found to be not greater 

of chan 12”, nor leſs than 9“. Wherefore 107” (the 

re Mean) has been fixed upon as near the Truth, which 

„ Ive muſt be contented with till May 26, 156, when 

h Jenus will $1anſit the Sun's Diſk, by which means the 

be me Gentleman has ſhewn the Sun's Parallax may be 

of determined to a great Nicety, viz. to within a 5oodth 

Part of the Whole. See Phil. Tranſ. Ne 348, abridged . 

by Jenes, Vol. IV. TEES e e 

p- 18. Suppoſing therefore the Angle DSC = 10" 30% | 

1s and the Side D Cg I; thenſay, oo _ SE 

? As the Tangent of DSC 10“ 30” = 5,706764 1 


2 Is to Unity DCS 1 = o, oooooo 
5 So is Radius $75 ee — 
5 il * 8 * 4 
To the Side  SC=19657,8 = 442932 

: I Then 19657,8 Semidiameters of ok Earth apt 5 
0 dy 4000 gives 78631200 Engliſh Miles for the Diſtance = 

of the Sun. EGS eget neee whbau 
19. Not the Diſtances only, but alſo the Diameters 


„o tbe Planets are to be inveſtigated, by meaſuring their 
. I 7parent Diameters with a Micrometer adapted to a 
or : | © good 


AS 11 & ö I 5. 


good Teleſcope. Thus the Sun in his mean Diſtance 
will be found to ſubtend an Angle of 34“ 12” = 19 


and the Earth at the Sun ſubtends an Angle of 21” of | 


ing double the Angle DS C.) Therefore the Sun's Di. 

ameter is to the Earth's Diameter as 1932 to 21, that 
is, as IO0OO to 109. 

20. Again: Mr. Pound (with the Hugenian Tele 

ſcope of 123 Feet) found Saturn ſubtended an An gle 

of 16”. Therefore if Saturn were brought to the — — 

Diftance of the Earth from the Sun, his apparent Dia- 


of 954006 


100000 
tor; 3 that! is, its Diameter would be ſcen under an Angle 


tt» 


I e 954000 X 16% = 152, bg. Whence the 


looo 


meter 5 "Ag increaſed in the Ratio 


Sun's Diameter is to Saturns as 1932 1 525 7 64096 | 


3: 10000: 790. , 
„ 21. The ſame S meaſured api” 9 appa⸗ 
rent Diameter, and found it ſubtend an Angle of 37 


wherefore Jupiter at the W of the Earth would 
fubtend an Angle equal to == — * 37 19 ii. 


3 8 the Sun's real Dan is 5 rothan of A as 


087" 4 192,” 417 n 10000 2 996. 

22. Hugenius meaſured the Diameter of Mars when 
3 the Earth, and found it did not exeeed 30“; 
and that the Diſtance of Mars from the Earth was then 
to the Sun's mean Diſtance as 15 to 471. (See his 
_ Syftema Saturnium.) Therefore Mars removed to the 
Diſtance of the Sun would ſubtend an Angle equal to 


7 X 30 "= 10 „49756. Whence the Diameter of the 
Sun is to that of Mars as 1932” to 10, 9756 1 foo: 


57. Si 3 
23. Dr. Halle/ collected from the Appearance of 
Venus in the Sun's Diſk, May 26, 176 f, that Yenus 
ſeen from the Sun at her mean Diftunce would appeat 
under an Angle of 30“; conſequently, at the Sun's 
mean Diſtance ſhe would ng under an Angle equa] to 


2333.) * 30” = 21,6999. Therefore the Sun's real 
Diameter 


| 200900 


As T RON OM xv. 
Diameter, is to that of Venus as 1932” ; 21 a 
10000 : 


finds Mercury at his mean Diſtance ſubtend an Angle of 


20”, and: therefore at the Sun an Angle of ——— — 
I cooco 
1 * 200 S 75 742. Wherefore the Diameters of the 
Sun and Mercury are as 1932“: 7,//742 :: 10000: 40. 
25. There are other Phænomena of the Planets to be 
obſerved, from whence ſeveral important Diſcoveries 
6 have been made in the Phyſical: Part of Aſtronomy. 


My Tp the Sun and ſome Planets, when view'd Gith 2 
4 ood Teleſcope, appear to have dark Spots on their 
le urſace; 3 by theſe Spots thoſe Bodies are — to have 


be a Motion about their Axis, and the Poſition of their 
1 Axis with reſpect to the Plane of the ee is by ibis 
means determined. 

26. Theſe Spots are moſt numerous and eaſily Wh 
a ſerved in the Son. It is not uncommon to ſee them in 
4 * various Forms, Magnitudes, and Numbers, mov 
1d over the Sun's Diſk. They were firſt of all — 
ul by the lyncean Aſtronomer Galileo, in the Year 260, 
7 ſoon after he had finiſhed his new - invented Feleſcope. 


48 27. That theſe Spots adhere to or float upon the Sur- 
g csce of the Sun, is evident for many Reaſons. (I.) For 
en many of them are obſerved to break out near the Middle 


7 = the Sun's Diſk ; others to decay and vaniſh' there, 
en or at ſome Diſtance from his Limb. (2.) Their appa- 

ils rent Velocities are always greateſt over the Middle of the 
be WM Diſk, and gradually flower from thence on each Side to- 
to wards. the Limb. (3.) The Shape of the Spots varies 
according to their Poſition on the ſeveral Parts of the 
Diſk ; thoſe which are round and broad in the Middle 


grow oblong and ſlender as they . tho Limb, 


Optics. 7 
28. By comparing many e oh hs 15 
vals of. Time in Which the Spots made their Reva- 
lutions, by Galileo, Caſſini, Scheiner, | Hevelius,, Dr. 
Hall-y, Dr. Derbam, and others, it is faund: that 27 
1 4 ne R 2 of 
75 Dein R * Mm 


I2, , 
24. The ſame learned Gentleman by the like means 


* 


2 
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according: as * e to en by the Rules: of 5; 
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Fig. 3. 
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them at a Mean: But in this Time the Earth deſcribes 
the angular Motion of 26 22/ about the Sun's Centre; 
therefore ſay, As 360% + 26* 22" is to 3609, ſo is 27 d. 
12 h. 207 to 25d. 15h. 167; which therefore is the 
Time of the Sun's Revolution about its Axis. 
29. Had the Spots moved over the Sun in right lined 
Directions; it would have ſhewn the Sun's. Axis to have 
been perpendicular to the Plane of the Ecliptic ; but. 
fince they move in a curvilinear Path, it proves his Axis 
inclined to the Axis of the Ecliptic; and it is found by 
Obſervation, that that Angle is equal to 7 307; that is, 
if BD paſſing through the Centre of the Sun C be per- 
pendicular to the Plane of the Earth's Equator H I, 
then will the Axis of the Sun's Motion A E contain 
with that Perpendicular the Angle ACB = 7 30 
G Cl, the Angle which the Equator of the Sun GF 
makes with the Plane of the Ecliptic. 
30. And the Points in which a Plane paſſing through 
the Perpendicular BD and Axis AE cuts the Ecliptic 
are in the 8th Degree of Piſces on the Side next the 
Sun's North Pole A, and conſequently in the 8th De- 
ee of Virgo on the other Side next the South Pole E. 
chenter had determined the Angle BCA to be 7 De- 
grees, and Caſſini made it 8 by his Obſervations ; which 
is the Reaſon why 7 30” is choſen for a Mean. 
31. As to the Magnitude of the Spots, it is very con - 
ſiderable, as will appear if we obſerve that ſome of 
them are ſo large as to be plainly viſible to the naked 
Eye. Thus Galilco ſaw one in the Year 1612, and I 
know two Gentlemen who have thus view'd them with- 


in 20 Years paſt: Theſe Spots therefore muſt ſubtend 


at leaſt an Angle of 1 Minute, Now the Diameter of 
the Earth, if removed to the Sun, would ſubtend an 
Angle of but 20“; hence the Diameter of à Spot juſt 
viſible to the naked Eye is to the Diameter of the 
Earth as 60 to 20, or as 3 to 1; and therefore the Surface 
of the Spot, if circular, to a Great Cirele of the Earth as 
* But the Areas of 4 Great Cireles are equal to the 
Larth's Superficies; whence. the Surface of the Spot is 
to the Surface of the Earth as 9 to 4, or as 24 to. 
32. Gaſſandus ſays he ſaw a Spot . whoſe Diametet 


| was equal to zw of that of the Sun, and therefore ſub- 


tended 


„ 


As T RON OM x. 


tended an Angle at the Eye of 17 30; its Surface was 


therefore above 5 times larger than the Surface of the 


whole Earth. What thoſe Spots are, I believe no body 
can tell; but they ſeem to be rather thin Surfaces: than 


ſolid Bodies, becauſe they loſe the Appearance of So- 
lidity in going off the Diſk of the Sun. They re- 
ſemble ſomething of the Nature of Scum or Scoria 


ſwimming on the Surface, which are generated and dif- 


ſolved by Cauſes little known to us. 

33. But whatever the Solar Spots may be, *tis cer- 
tain they are produced from Cauſes very inconftant and 
irregular : For Scheiner in his Roſa Urſina, which con- 
tains near 2000 Obſervat ons upon theſe Spots, ſays 
he frequently ſaw 50 at once, but for 20 Years after, 
(viz, between the Years 1650 and 1670) ſcarce any 
appeared. And in this Century the Spots were fre- 
quent and numerous till the Year 1741, when for three 
Years ſucceſſively very few appeared. I ſaw but one 
in all that Time; and now ſince the Year 1744 they 
have appeared again as uſual, | 


34: Theſe Maculæ or dark Spots are not peculiar to 
the Sun; they have been obſerved alſo in the Planets. 


Thus Venus was obſerved to have ſeveral by Signior 
Blancl in, the Fope's Domeſtic P:elate, in the Year 
17263; by which he determined her Revolution about 


her Axis to be performed in 24 Days and 8 Hours; and 
that her Axis is inclined to the Plane of the Ecliptie in 


an Angle of 15 Degrees; and laſtly, that the North 
Pole of this Planet faces the 20th Degree of Aqua- 
ride. oo ir 9h | 


35. As in Venus, fo in Mars, both dark and bright 


Spots have been obſerved by Galileo firſt, and afterwards 
by Signior Caſſini, Dr. Hook, Miraldi, Mr. Roemer, 
and others. By theſe Spots the diurnal Revolution of 
Mars about its Axis is determined tb be 24 Hours and 
40 Minutes; and that the Axis is nearly perpendicular 


. toithaDlane of:3es Onbir.. Ho og he iy 5 5 
36. There ſeems to be good Reaſon. to conclude 
Mars is encompaſſed with a large Atmoſphere; for 


aſſini obſerved a Fixed Star, at the Diſtance of 6 Mi- 


nutes from the Diſk of Mars, became; ſo faint before 
| | N * | 3 a 5 
r . THESE 
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Tuxsx are all the heavenly Bodies yet 
known to circulate about the Sun, as the 


Centre of their Motions; and among the 
Planets, there are three which are found 
to have their ſecondary Planets, Satellites, or 

Moons, revolving conſtantly about them, 


its Occultation, that it could not be ſcen with the naked 


Eye, nor with a Teleſcope of 3 Feet ; though Stars of 


that Magnitude are plainly viſiblè even in Contact with 


the Moon, which for that Reafon ſeems to have no 


Atmoſphere. | 5 | 
37. Jupiter has had his Spots obſervable Fer ſince 
the Invention and Uſe of large Teleſcopes ; and. from 
repeated Obſervations they ſhew Jupiter's Revolution 
about its Axis is in 9 Hours and 56 Minutes. Beſides 
theſe Spots, Jupiter has the Appearance of three Zones 
or Belts encompaſſing his Body, ſometimes more, fo 
that his Diſk feems clouded with them: What they 
are, no Body yet can tell. The Axis of this Planet 
alſo is nearly perpendicular to the Plane of his Orbit. 
38.  Conlidering the large Magnitude of Jupiter, and 
his ſhort diurnal Rotation, the Equatorial Parts of his 


Surface muſt have a prodigious Velocity, which of Con- 


ſequence muſt cauſe him to be of a ſpheroidical Figure 


fas was ſhewn of the Earth.) Accordingly Caſſini found | 


the Axis of the Equator to be to that of the Poles as 


14 to 15; but Mr. Pound afterwards more exactly de- 
termined them to be as 12 to 13, agreeable to Sir 1/aa | 


Newton's Computation. N 


39.) Saturn by reaſon of his great Diſtance on one 


band, and Mercury by reaſon of his Smallneſs and Vi- 


cinity to the Sun on the other, have not as yet had an) 
Spots diſcovered on their Surfaces; and conſequentiy 


- nothing in relation to their diurnal: Motions, and Incli- 


nations of their Axis to the Planes of their Orbits, can 


be known.) | 


as 
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as the Centres of their Motions, (CXXXV.) 
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(CXXXV.) 1. Of the fix Primary Planets, we find 
but three that are certainly attended with Moons, vix. 
the Earth, Jupiter, and Saturn; for though Mr. Short 
has given an Account of a Phænomenon that he ab- 
ſerved ſome Years ago, which feems extremely like a 
Moon about Yer us, yet as it was never obſerved before 


nor fince through the beſt of Teleſcopes, I can by no 


means think it was a real Moon : However, that the 
Reader may gife his own Judgment, I refer him to the 
Account given of it in the Phit»/aphecal Tranjattions. 
2. The Diſtance of our Moon from the Earth is deter- 
mined by her horizontal Parallax, or the Angle which 
the Semidiameter of the Earth ſubtends at the Moon, 


viz, the Angle AOC, which is the Difference between pl. LIV. 


the true Place of the Moon's Centre O when in the 
Horizon, and the apparent Place thereof as view'd from 
the Surface of the Earth at A. The former is known 
by Aſtronomical Tables, the latter by Obſervation: 
And the Quantity of this Difference or Angle at a Mean 
357 1. , 0 | 
3. If therefore we ſay, As the Tangent of 57 127 is to 
Radius, fo is AC = 1 to CO g 60,1 ; this will be the 


mean Diſtance of the Moon in Semidiameters of "the = 


Earth. Therefore ſince one Semidiameter of the Earth 
contains 2982 Miles, we have 3982 & 60, 1 239318, 2 
SCO the mean Diſtance of the Moon. 
4. The Moon's apparent Semidiameter MO mea- 
{ures (at her mean Diſtance) 15 38'/=2 938“ by the Mi- 
crometer, which is the Quanticy'of the Angle MC O, 
The Earth's) Diameter therefore is to the Moon's as 
2432” to 938% that is, as 109 to 30, or as 3,63 to 1. 
Wherefore 865 7964 = 2192 Miles in the Moon's 
Diameter. V 8 a 3 yy C ia 144 FL 
5 Therefore the Face of the Earth, as it appears th 
the L'marians, is to the Face of the Moon às it ap- 
Pears to us, as 109 X 109 to 30 & 30, vis. as 11681 to 
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' 900, or as 13,2 to 1. And the real Bulk of the Earth 
is to that of the Moon as 109 X 109 X 109 to 30 X 30 
X 3o, vix. as 1295029 to 27000, that is, as 129; to 
275 or as 48 to 1 very nearly. Oh 
6. Sir Iſaac Newton mentions the Atmoſphere about 
the Moon, but other Aſtronomers think there is Reaſon 
(not to ſay a Demonſtration) for the contrary : For were 
there an Atmoſphere of Air like ours, it muſt neceſſa- 
rily obſcure” the Fix'd Stars in the Moog's Appulſe to 
them; but it has been obſerved that this never happens; 
on the contrary they preſerve all their Splendor to the 
Moment of their Occultation, and then diſappear in- 
ſtantaneouſly, and in the ſame Manner they recover 
their Light when they appear again on the other Side. 
And this I am very certain of from the late remarkable 
Occultation of Jupiter, which I obſerved with a good 
reflecting Teleſcope from the Beginning to the End 
with all the Attention poſſible, becauſe I was very de- 
firous to be ſatisfied about that Matter; and all the 
Phznomena conſpired to convince me, there was no- 
thing like an Atmoſphere about the Moon. | 
7. That the Surface of the Moon is not ſmooth or 
even, but diverſified with Hills and Vales, Continents 
and Seas, Lakes, Cc. any one would imagine who 
views her Face through a large Teleſcope. + That ſhe 
has Variety of Hills and Mountains is demonſtrable from 
the Line which bounds the light and dark Parts not be- 
ing an even regular Curve, as it would be upon a 
ſmooth ſpherical Surface, but an irregular broken Line, 
full of Dens and Notches, as repreſented in the Figure: 
Alſo becauſe many ſmall (and ſome large) bright Spots 
appear in the dark Portion, ſtanding out at ſeveral ſmall 
Diſtances from the boundary Line ; which Spots in a 
few Hours become larger, and at laſt unite with the 
enligbten'd Portion of the Diſk, „ 
8. On the other hand we obſerve many ſmall Spots 
- Interſperſed all over the bright Part, ſome of which 


en oh | 1 Minutes, 


# 
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Minutes, at the mean Diſtance of about 


240000 Miles. 


bare their dark Sides next the Sun, and their oppoſite 


Sides very bright and circular, which infallibly proves : 


them to be deep, hollow, round Cavities ; of which 
there are two very remarkable ones near together on the 


upper Part, and may be viewed exceeding plain when 


the Moon is about four or five Days old, 
9. To meaſure the Height of a Lunar Mountain is a 


curious Problem, and at the ſame time very eaſy to ef- 
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{e& in the following Manner. Let C be the Moon's Pl. LIV. 
Centre, ED B a Ray of the Sun touching the Moon's Fig. 5. 


Surface in D, and the Top of a Mountain in B. Draw 


CB-and CD; the Height of the Mountain AB is to 


be found, With a Micrometer in a Teleſcope find 


what Proportion the Diſtance of the Top of the Moun- 


tain B from the Circle of Illumination at D, bears to 
the Diameter of the Moon, that is, the Proportion of 


the Line D B to DF; and becauſe DF is known in 
Miles, D B will be alſo known in that Meaſure. 

10. Now admit that DB: DC 2 I: 8, as in one 
of the Hills it will be; then DC* + DB» = 64 +1. 


=65=CB*; whence V/ 65 = 8,062 = BC; where-_ 
fore BC— AC = 8,062 — 8. = 0,062 = AB, the 
Wherefore AC: 
ſince the Moon's 
demidiameter A C = 1096 Miles, therefore 8000 : 62 
: 1096 : 8,5 nearly. This Mountain then being 8 
Miles high, is nearly three times higher than the higheſt 


Height of the Mountain required. 
AB:: 8: Oo, 062. :: 8000 : 62. A 


Mountain on the Earth. 1 a 


11. Again, the Cavities are proportionably large and 


deep. I have obſerved Cavities in the Moon more than 


the 1oodth Part of the Moon's Diameter in Breadth, 
which is about 200 Miles upon the Moon's Surface; 
their Depths appear likewiſe proportional. The Lunar 


Cavities therefore prodigiouſly exceed the Height of the 
Mountains; and conſequently the Surface of the Moon 


5 85 JueITER, 


} 


each other, ſo as to conſtitute (like the Waves of the 


(which were thought to be Seas) we view throu 


the ſame unchangeably ſince they were firſt viewed with 


» Change in their Appearance. But indeed, as there are 


a 0 
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Jopirxx is obſerved with a Teleſcope 
to have four Satellites, which move about 


has but little Similitude to the Surface of the Ear ; in 


theſe Reſpects. 


12. Since the Moon's Surface appears to be ſo very 


- mountainous and irregular, it has been a Queſtion; how 


it comes to paſs that the bright circular Limb of the 
Diſk does not appear jagged and irregular, as well as 
the Curve bounding the light and dark Parts? In An- 
ſwer to this, it muſt be conſidered, that if the Surface 


of the Moon had but one Row ot Mountains placed 


round the Limb of the Diſk, the ſaid bright Limb would 


then appear irregularly indented ; but fince the Surface 


is all over mountainous, and ſince the viſible Limb is 


to be conſidered not as a ſingle curve Line, but a large 


Zone, having many Mountains lying one behind ano- 
ther from the Obſerver's Eye, *tis evident the Moun- 
tains in ſome Rows being oppoſite to the Vales in others, 
will fill up the Inequalities in the viſible Limb in the re. 
moter Parts, which diminiſh to the Sight and blend with 


Sea) one uniform. and even Horizon. 

13 Whether there be Seas, Lakes, Sc. in the Moon, 
has been a Queſtion long debated, but now concluded 
in the Negative: For in thoſe large darker Ropes 


Teleſcope many permanent bright Spots, as allo Ca- 
verns and empty Pits, whoſe Shadows fall within them, 
which can never be ſeen in Seas or any liquid Subſtance, 
Their dark and duſky Colour may proceed from a Kind 


of Matter or Soil which reflects wh 0d leſs than that of 
the other Regions. 


14. Tneſe Spots in the Moon have continued always 
a: Teleſcope; though leſs Alterations than what happen 


in the Earth in every Seaſon of the Year, by Verdure, 
Snow, Inundations, and the like, would have cauſed a 


n Yeas nor Rivers in the Moon, and no Atmoſphere, 
him 


As T RON OMV. 
him in the Times and Diſtances follow- 
ing, viz. 


ſo of courſe there can be no Clouds, Rain, Snow, or 
other Meteors, whence ſuch Changes might be ex- 
pected. | _ 2 

15. Since, (as we have ſhewn) the mean Diſtance of 
the Moon is about 60 Semidiameters of the Earth, at 
the Diſtance of the Moon one Degree of the Earth's 
Surface will ſubtend an Angle of one Minute, and will 
therefore be viſible ; but ſuch a Degree is equal to 69: 
Miles, therefore a Spot or Place 70 Miles in Diame- 
ter in the Moon will be juſt viſible to the naked Eye. 

16. Hence a Teleſcope that magnifies about 100 
times will juſt diſcover a Spot whoſe Diameter is 55s 


of 70 Miles, or 2 of a Mile, or 3698 Feet: And a Te- 


leſcope that will magnify 1090 times will ſhew an Ob- 
jeR that is but 1 of a Mile, that is, whoſe Diameter 


is but 370 Feet, or little more than 120 Yards; and 


therefore will eaſily ſhew a ſmall Town or Village, or 
even a Gentleman's Seat, if any ſuch there be. : 
17. The Time which the Moon takes up in mak- 


ing one Revolution about the Earth, from a Fixed 


Star to the ſame again, is 27 d. 7 h. 43', which is cal- 
led the Periodical Month. But the Time that paſles 
between two Conjunctions, that is, from- one New 


Moon to another, is equal to 29 d. 12 h. 44 375 which 
is called a Synodical Month : For after one Revolution 


is finiſhed, the Moon has a ſmall Arch to deſcribe to 


get between the Sun and the Earth, becauſe; the Sun 
keeps advancing forwards in the Ecliptic. Now this 


Surplus 6f Motion takes up 2d. 5h. 1' 3”, which added 
to the Periodical Month makes the Synodical, according 
to the mean Motions. | X 

(18. The Moon moves about its own Axis in the ſame 
Time that it moves about the Earthy from whence it 


comes to pals that ſhe always ſhews the ſame Face to 
us: for by this Motion about her Axis juſt ſo much 


of her Surface is turned towards us -conftantlyy as by 
her Motion about the Earth would be turned from-us. 
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pl.LIV. 
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Tas Firſt in 1 Day, 18 Hours, 27 Mi- 
nutes, at the Diſtance of 577 . 

19. But ſince this Motion about the Axis is equable 


and uniform, and that about the Earth (or common 
Centre of Gravity) is unequal and irregular, as being 


performed in an Ellipſis, it muſt follow, that the ſame 


Part of the Moon's Surface preciſely can never be ſhewn 


conſtantly to the Earth; and this is confirmed by the 


Teleſcope, through which we often obſerve a little Gore 


or Segment on the Eaſtern and Weſtern Limb appear 
and diſappear by turns, as if her Body librated to and 


fro; which therefore occaſioned this Phenomenon to 
be called the Moon's L bratien. 

„20. The Orbit of the Moon is elliptical, more h 
than any of the Planets, and is perpetually changing or 
variable, both in reſpect of its Figure and Situation zyof 


which we ſhall treat more largely in another Place, 


The Inclination of the Moon's Orbit to the Plane of 
the Ecliptic is alſo variable, from 5 Degrees to 5* 18/, 
'The Line of Nodes likewiſe has a variable Motion 


from Faſt to Weſt, contrary to the Order of the Signs, 


and compleats an entire Revolution in a Space of Time 
a little leſs than 19 Years. Alſo the Line of the Apſiaes, 


or of the 4p:gee and Perigee, has a direct Motion from 
Weſt to Faſt, and finiſhes a Revolution in the Space of 


about 9 Years. All which will be more copiouſ] 


treated of when we come to explain the FRY Cauſes 
thereof. | 


21. Tbe Phaſes of the Moon in every part of the 


Orbit are eaſily accounted for from her different Situa- 


tion with reſpect to the Earth and Sun: For though'to 
an Eye placed in the Sun the will always exhibit a 
compleat illuminated Hemiſphere, yet in reſpect to the 


Earth, where that Hemiſphere i is viewed in all Degrees 
of Obliquity, it will appear in every Degree from the 


greateſt to the leaſt ; ſo that at E no Part at all of the 


enlightened Surface can be ſeen. At F a little Part of 
it is turned towards the Earth, and from its Figure it 
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ters of Jupiter's Body from his Centre, as 
meaſured with a Micrometer. | 


is then ſaid to be horned. At Gone Half of the en- 
lightened Surface is turned to the Earth, and ſhe is then 
ſaid to be dichotomized, and in her firſt Quarter or Qua- 
Jratire. At H a Part more than half is turned to the 
Farth, and then ſhe is faid to be g:bbous. At A her 
whole illumined Hemiſphere is ſeen, being then in 
poſition to the Sun; and this is called the Full Moon. 
At B ſhe is again gibbous, but on the other Part; at C 
ſhe is again dichotamixed, and in her laſt Quarter; at D 
ſhe is Her ned, as before; and then becomes new again 
at E, where ſhe is in Conjunction with the Sun, 

22. If MN be drawn perpendicular to the Line 8 L. 
joining the Centres of the dun and Moon, and OP 
perpendicular to the Line TL joining the Centres of 
the Earth and Moon, 'tis evident the Angle O LM in 
the firſt Half of the Orbit, and PL N in the ſecond, 
will be proportional to the Quantity of the illuminated 
Diſk turned towards the Earth; and this Angle is 
every where equal to the Angle ET L, which is 
called the Elingation of the Moon from the un. 

23. To find what Quantity of the Moon's viſible 
Surface is illuſtrated for any given Time, we are to con- 
der that the Circle of Illumination B F C is oblique to pi. LI V. 
to the View every where (but at G and A) and there- Pi 7. 
fore by the Laws of the Orthographie Projection (which 8 
ſee in my Elements of all Geometry) it will be projected | 
into an Ellipſe whoſe longeſt Axis is the Diameter of 
the Moon B C, and the Semi-conjugate is F L = Co- 
line of the Angle of Elongation F B P. Hence FP 
Verſed Sine of the ſaid Angle. But from the Nature 
of the Circle and Ellipſe we have. LP in a conſtant. 
Ratio to FP, wherever the Line PO is drawn perpen- 
dicular to B; therefore alſo 2LP = PO has a con- 
ſtant Ratio to FP. But (by Euclid V. 12.) the Sum 
of all the Lines O P = Area of the Circle, is to the Sum 
of all the Lines F P = Area of the illuminated Part, as 
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Tur Second in 3 Days, 13 Hours, 13 


Minutes, at the Diſtance of 9 Semidiame. 


ters. 
Tur Third in 7 Days, 3 Hours, 42 
Minutes, at the Diſtance of 14 Semidi- 
ameters. _ , ae 
Tux Fourth in 16 Days, 16 Hours, 32 


the Diameter of the Circle 0 P to the Verſed Sine of the 


Elongation FP. 


24. As the Moon illuminates the Earth by a reflex 


Light, ſo does the Earth the Moon; but the other 
Phenomena will be different for the moſt part. I ſhal 
recount them for the Reader's Curioſity as follows, 
( 4 The Earth will appear but to little more than one 
Half of the Lunar Inhabitants. (2.) Thoſe to whom 
the Earth is viſible, it appears fixed, or at leaſt to have 
no circular Motion, but only that which reſults from 


the Moon's Libration. (3.) To thoſe who live in the 
| Middle of the Moon's viſible Hemiſphere fee the Earth 


directly over their Heads. {4.) To thoſe who live in 
the Extremity of that Hemiſphere the Earth ſeems al. 
ways nearly in the Horizon, but not exactly there, by 
reaſon of the Libration. (5.) The Earth in the Courſe 


of a Month would have all the ſame Phaſes as' the 


Moon has. Thus the Lunarians when the Moon is a 
E, in the Middle of their Night, ſee the Earth at Ful, 
or ſhining with a full Face; at G it is dichotom'zed, 0 
Half light and half dark; at A it is wholly dark, o 
New; and at the Parts between theſe it is gibb:us. (0 
The Earth appears variegated with Spots of differeit 
Magnitudes and Colours, ' ariſing from the Continents 
Illands, Oceans, Seas, Clouds, Sc. (J.) Theſe Spot 
will appear conſtantly revolving about the Earth's A5 
by which the Lanarians will determine the Earth's d. 


urnal Rotation, in the ſame Manner as we do that d 
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Minutes, at the Diſtance of 2 5 Semidi- 


| ameters (CXXXVI.) | 


(CXXXVI.,) 1. GaLiLEo firſt diſcovered the Satel- 
lites or Moons of Jupiter, in the Year 1610; and call'd 
them Medicea Sidera, or Medicean Stars, in honour of 
the Family of the Medici, bis Patrons. The famous 
Piece called Sidereus Nuncins, in which he particularly 
deſcribes the Diſcovery of theſe Stars, he dedicated to 
Cosmus MEDIcEs II. the fourth Great Duke of He- 
Ha. | | Þ 

2. The Orbits of Jupiter's Moons lie nearly in the 
Plane of the Wt which is the Reaſon why their 
Motion is apparently in a right Line, and not circular, 
as it really is. To underſtand this, let S be the Sun, 
T the Earth'in-its Orbit T H, I the Planet Jupiter in 
his Orbit AI B, and in the Centre of the four Orbits 
of his Moons. Then, becauſe the Plane of thoſe Or- 
bits does nearly paſs through the Eye, the real Motion 
of the Satellite in the Periphery will be apparently in 
the Diameter of the Orbit, which is at Right Angles 


to the Line joining the Centre of the Earth and 


upiter. | | | | | 7 
7 3. Thus ſuppoſing the Earth at R, if DC be drawn 
through the Centre of Jupiter perpendicular to R I, the 
Motion of each Moon and their Places will appear to 
be in that Line. Thus if the exterior Moon be. at E 


of F, it will appear to be at I, either upon or behind 


the Centre of Jupiter; if the Moon move from E to 
K, it will appear to have moved from I to L; and 
when it moves from K to C, it will appear to move 
from L to C. Again, while the Satellite moves from 
C to M, it will appear to move from C to L; and as 
it goes from thence to F, it apparently moves from L 
to I. Thus alſo on the other Side the Orbit, while 
the Satellite deſcribes the Quadrant F D, its apparent 
Motion will be from I to D; and then from D to I 
again, as it comes from D to KEK. 

4. Whence, ſince this is the Cafe of each Satellite, 
it appears chat while each Satellite deſcribes the remote 
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3 whoſe 


SATURN has ffve Moons; and beſides them W 
a ſtupendous RING ſurrounding his Body, Bl 
\ | N | = 1 | W 
Half of its Orbit CF D, its apparent Motion will be T 
direct, or from Weſt to Eaſt along the Line CD; and 
while it deſcribes the other Half DEC, its apparent M 
Motion is retrograde, or from Eaſt to Weſt back again a 
along the Line from D to C. So that each Satellite 
traverſes the Diameter of its Orbit twice in each Re. 4 
volution. e i „ Ny 
5. The Moons of Jupiter ſeverally ſhew the ſame 
Phaſes to him as ours does to us. They diſappear. I 
from our Sight ſometimes, ſo thatgtis very rare to of 
have all the four in View at once; nor is it poſſible | 
to kqow which Satellite in Order you ſee, but from 4 
the Knowledge of the Theory and Calculation, be- 1 
cauſe the remoteſt Satellite may appear neareſt to Ju- s 
Piter, and the contrary, as is evident from a View of g. 
the Figure. 3 | Om fo 
6. Theſe Moons, like our own, ſuffer an Eclipſe th 
every time they come to the Shadow of Fupiter, as at th 
. F. Alſo, ſuppoſing the Earth at T, the Satellite at G 5 
þ will undergo an Occultation behind the Body of Jupiler, oi 
C as is evident from the Scheme, Again, a Satellite will 10 
j ſometimes loſe its Luftre as it paſſes over the enlighten'd 4 
l | Diſk of its Primary; as when it is at E and N, and 5 
i the Earth in R and T. Laſtly, one Satellite at O may | 
b diſappear behind another at K, or cauſe another to diſ- If 
li appear behind it at M. 5 Von th 
# 7. The Obſervations by Teleſcopes have been car- at 
j ried ſo far as to make it very probable that all the Sa- th 
= tellites do really revolve about their own Axis, by means th 
4 of Spots which they have diſcovered to belong to them, of 
1 and which by their Motion cauſe a great Variety in 16 
4 the Brightneſs of the Satellites, and ſometimes do al- * 
u moſt obſcure them: For which ſee Mr. Pound's Obſer- tt 
; vations in Fones's Abridgement of the Philiſophical Tranſ- w 
J act ions, Vol. IV. p. 37. wy ; ki 
4 x 8. By means of 838 Satellites ſeveral noble Pro- ki 
it blems in Natural Philoſophy have an eaſy and elegant n 
4 
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whoſe Width. and Diſtance from Saturn's 
Body are equal, and computed at up- 
wards of 20000 Miles. The Periodical 
Times and Diſtances of the Saturnian 


Moons in Semidiameters of the Ring are 


Tux Firſt, or inmoſt, revolves about 
Saturn in 1 Day, 21 Hours, 18 Minutes, 


Solution; the Firſt of which is, 1% determine the Ratio 
of the Velocity of Light. The Manner how this is done 
| have elſewhere ſhewn : See Annot. CXII. The Se- 
cond is, to determine the Longitude of a Place from any 


propoſed Meridian; which is eaſily done by the follow- 


ing Method. Let the Moment of Time in which the 
Satellite enters the Shadow of Fupiter be calculated 
for the given Meridian from Tables of its Motion ; 
then let the Moment of Time be well obſerved when 


this Immerſion happens at the propoſed Place; the Dif- 
ference of theſe two Moments turned into Motion will 


give the Longitude of the Place for that Meridian, al- 
lowing 15 Degrees for every Hour, 1 Degree for every 
4 Minutes of Time, or 15 Minutes of a Degree for 
every Minute of Time. © ; | 
9. The Third Problem is, to find the Diflance of 


Jupiter from the Sun. This is done as follows: Let 
the middle Moment of the Occultation of a Satellite as 


at G be obſerved, and again the middle Moment of 
the following at F ; this will give the Time in which 
the Arch G F is deſcribed. Then ſay, As the Time 
of the whole Revolution is to the Time now found, ſo 
is the whole Circle or 360 Degrees to the Degrees and 
Minutes contained in the Arch F G ; which is therefore 
the Meaſure of the Angle FI G, or its equal T 18, 
which is the Parallatic Angle at Jupiter; which being 
known, at the Diſtance of Jupiter, from the Sun I S is 
known by what has been ſhewn in Anne. CXXXIV. 
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reach Sa- urn's, they being at too great a Diſtance. But 


it Appendage. Accordingly in the Year 1655 he con- 
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at the Diſtance of near 2 Semidiameters 1 
the Ring. he 80 
Tur Second in 2 Days, 17 Hawn, 41 
Minutes, at the Diſtance of 2+ Semi wn 
aneters. overed 


16 n 


n in 4 Days, 12 Hour, T 
Mikates, at the Diſtance of 34 Semidi. "© 
ameters. . 

Tux Fourth in 15 Days, 22 Hoo 41 of 
Minutes, at the Diſtance of 8 Semidia- rand, 
meters. a 

Trz Fifth in 70 Digs 22 Hours, 4 
Minutes, at the Diſtance of 234% Semi. 
diameters (CXXXVII.) 


4. 
in Rel 
tence 
quam 
turn 1: 
hering 
. 
termi 
5 car 


delini 


(cxxxvn) r. Though Galileo's Teleſcope was 
ſufficient to diſcover all Jupiter's Moons, it would not 


yet this ſagacious Obſerver found Saturn, by reaſon of 


his Ring, had a very odd Appearance ; for his Glaſs 5 
was not good enough to exhibit the true Shape of the v 
Ring, but only? a confuſed Idea of that and Saturn to- daun 
gether, which in the Year 1610 he advertiſed in tie o. 
Letters of this Sentence tranſpoſed : Altiſſimam Planetam let 
tergeminum obſervavi ; i. e. I have obſerued Saturn to have dun 
three Bodies. us, « 

2. This odd Phznomenon perplexed the . 1s pl 
very much, and various Hypotheſes were formed to re- bon 
ſolve it; all which ſeemed trifling to the happy Huge. e. 
nius, who applied himſelf purpoſely to improve tht. Pa 
Grinding of Glaſſes, and perfeRing long Teleſcopes, b 
to arrive at a more accurate Notion of this Planet and Fat 


ſtructed a Teleſcope of 12 Feet, and viewing Saturn and 
divers times, he diſcovered ſomething like a Ring en- | 


Tursr 


ASTRONOMY, 
TyrsE are the conſtituent Parts of 
be Solar Syſtem, which is now teceived 


ompaſſing his Body ; which afterwards with a Tube 
f 23 Feet he obſerved more diſtinctly, and alſo diſ- 


igen ian Satellite is the fourth in Order from Saturn. 


25 . In the Year 1671 Caſſini diſcovered the third and 
di- ſch, and in the Year 1686 he hit upon the firſt and 


fcond, with Tubes of 100 and 136 Feet; but could 
fterwards ſee all five with a Tube of 34 Feet. He called 
theſe Satellites Sidera Lodoicea, in honour of Louis le 
and, in whoſe Reign and Obſervatory they were 
iſt diſcovered. 5 my: 

4. In the Year 1656 Hugens publiſhed his Diſcovery 
in Relation to Saturn's Ring in the Letters of this Sen- 
tence tranſpoſed, viz. Annulo cingiſur tenui, plano, nuſ- 
qum c.herente, ad Eclipticam Anclinatoz that is, Sa- 
turn is encompaſſed by a thin Plane or Ring, no where co- 
wing to his Body, and enclined to the Plane of the Eclip- 
1. This Inclination of the Ring to the Ecliptic is de- 
termined'to be about 31 Degrees by Hugens, R:emer, 
Picard, Campani, &c. though by a Method not very 
definitive. 8 . | 

5. However, ſince the Plane of the Ring is inclined 
tothe Plane of the Earth's Motion, it is evident when 
Saturn is ſo ſituated that the Plane of his Ring paſles 
through the Earth, we can then ſee nothing of it; nor 
jet can we ſee it when the Plane pafles between the 
Sun and the Earth, the dark Side being then turned to 
us, and only a dark Liſt appears npon the Planet, which 
1s probably the Shadow of the Ring. In other Situa- 
tions the Ring will appear elliptical more or leſsz when 
it is moſt ſo, the Heavens appear through. the elliptic 
Space on each Side Saturn (which are called the Anſe)z 
yaa, a Fixed Star was once obferved by Dr. Clarke's 
Father in one of them. 


* 


3 
9 


4 


* r SW 6” 


and Piſces, During Saturn's Heliocentric Motion from 
. | and 


ered a Satellite revolving about that Planet. This 


b. The Nodes of the Ring are in 19® 45 of Virge 
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the Planet is in the 19% 45“ of Virgo or Piſces. 


abri 


0 28 of Jupiter's I 


ASTRONOMY. 
and approved as the only frue Syſten 
of the World, for the following W 
(CXXXVVIII.) 


19% 45* to the be Node, the Sun biene the 
Northern Plane of the Ring, and viciſſim 


Since Saturn deſcribes about one Degree in a 
Month, the Ring will be viſible through a good Tele- 
ſcope till within about 1 5 or 20 Days before and after 
The 
Time therefore may be found by anEphemeris, in which 
Saturn ſeen from the Earth ſhall be in thoſe Points of 
the Ecliptic ; and likewiſe when he will be feen from 
the Earth in 19 45” of Gemini and Sagittarius, when 
the Ring will be moſt open, and i in the beſt Poſition to 


be view'd. 


8. There have been ſome . to conjecture that 
Saturn's Ring turns round an Axis, but that is not yet 
demonſtrable. This wonderful Ring in ſome Situa- 


tions does alſo appear double; for Caſſini in the Year 
1675 obſerved it to be biſected quite round by a dark 


elliptical Line, dividing it as it were into two Rings, 
of which the inner one appeared brighter than the outer. 
This was oftentimes obſerved afterwards with Tubes of 
34 and 20 Feet, and more evidently in the Twilight ot 
Moon-Light than in a darker Sky, See Phil. T ran 
dged, Vol. II. p. 221, 222. 

(CXXXVIII.) 5 The ſagacious Kepler was the firſt 
who diſcovered this great Law of Nature in all the Pri- 
mary Planets, and afterwards the Aſtronomers obſerved 


that the Secondaries did likewiſe regulate their Motions 


by the fame Law. I have already exhibited the Mathe. 
matical Theory thereof in Annot. XX XIV. II, and 
given an Example in the Earth and Venus. And that 


the ſame Law holds in the Syſtem of erh and 
Saturn's Moons, will appear from the following In- 


ee 
2. The firſt of Fupiter's We is at the Diſtance 
iameters from his Centre, and re- 


* 


As TAN » 
I. Ir is moſt ſimple, and agreeable to 
the Tenor of Nature in all her Actions; 


yolves in 42 Hours. The outermoſt deſcribes its Orbit 
in 402 Hours; therefore ſay, As 1764 (the Square of 


42) is to 161604, (the Square of 402) ſo is 2273 


216 
| 450000 6 
(he Cube of 23) to nearly | 5 2 the Cube of = 


or 12, the Diſtance of the fourth Satellite; which an- 


ſwers to Obſervations. N 

3. Or thus analytically by Logarithms, Let L = Lo- 
zarithm of the Period of the firſt Satellite, L = Loga- 
rithm of any other Satellite's Period, and D and d the 
Logarithms of their Diſtances; then will it be 2 L: 
21:: 3D : 3d, and therefore 2 L＋ 3d4=2/+3D; 
whence we have d =D +2 /— L. For Example; in 
the firſt and ſecond Satellites of Jupiter, Caſſini obſerved 
the Diſtance of the firſt in Semidiameters of Jupiter 
to be 52, whoſe Logarithm is 0,753353. The Pe- 
nods of thoſe Satellites give 3/= 2,32459, and 3 L = 
2,122851; from whence we get d = o, 95509, the 
Number correſponding to which is 9,07, the Diſtance 
of the ſecond Satellite, agreeing wonderfully with Ob- 
ſervation. 3 


4. Now ſince the Moon. turns. round the Earth, if 


the Sun did likewiſe perform his Circuit about it, their 


Motions would undoubtedly be regulated by the ſame 
Law with all the reſt. But the Period of the Moon is 
27 Days, that of the Sun 365; the Diflance of the 
Moon 60 Semidiameters of the Earth; therefore ſay, 
As 729 (the Square of 27) is to 133225 (the Square 
of 365 ;) ſo is 216000 (the Cube of Co) to 39460356, 
the Cube Root whereof is 340, which ought io expreſs 


the Sun's Diſtance in Semidiameters of the Earth. But 


we have ſhewn the Sun is really diſtant from the Earth 
near 20000, (ſee Annot, CXXXIV. 18. 

5. Admitting the Sun to be at the Diſtance of 20000 
demidiameters, his Periodical Time would then be more 


Vol. III. WP ; for 
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E 
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A$STEONOM x. 
for by the Motions of the Earth all the 
Phanomena- of the Heavens are reſolved, 
which by other Hypotheſes are inexplicable 
without a great Number of other Mo- 
tions, contrary to philoſophical Reaſoning 
by Rule J. e 


— 


than 450 Years, if its Motion were 2 by X. 


Rs Law, and compared with that of the Moon; for 
as 216000 (= 603). is to 8000000000000 (= 20000 
fo is 729 ( 27) to a Number, the Square Root of 
which is 164320 Days = 450 Years nearly, which is 
the Periodical Time of the Sun's Revolution at that 
Diſtance, and moving according to the I)niverſal Law. 

6. This beautiful and harmonious Syſtem, or Frame 


of the World, ſufficiently: recommends itfelf from the 


Principles of right Reaſon only; ſuppoſing there were no 
fuch Thing as abſolute Demonſtration \Sainable in the 
Caſe. It is therefore very ſurprizing, to obferve, how 


few among thoſe who are not Mathematically learned, 


can be induced to believe, and acquieſce in this Doctrine 
of the Earth's Motion, and Stability of the Sun. C- 
pernicus, above 200 Years ago, ' mentions the zealous 
Father Lafantus, as ridiculing thoſe who aſſerted the 
Spherical Figure of the Earth. Therefore, ſays he, its 


not to be wondered at if ſuch Sort of People ſhouldridicule 
Us. And whatever the Popes may have fince decreed, 
tis certain, this Doctrine was ſo far from being then 


reputed heretical and damnable, that this great Man 
dedicated his Book to Pope Paul IH. becauſe by his 
Holineſs, Authority, and Learning, he might be ſecured 
againſt the Calumnies of ignorant Gainſayers; yea, and 
appealed*to his Holmeſs at the fame Time for the Uſe- 
fulneſs of his Doctrine even to the Ecclefiaftical Re- 


publick. His Words are, Mat hemata Mathematict: 


ſeribuntur, quibus & hi noſtri Labores, fi me non Falli 


opinio, didebuntur el iam Rei pubicæ E cclgſiaſticcæ conducert 
liquid, cujus Principatum tua Sanfitns nunc tenet. 


$41, JK. Ir 


e 
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ASTRONOMY: 

II. Ir is more rational to ſuppoſe the 
Farth moves about the Sun, hid | merry 
hugs Bodies of the Planets, the ſtupendous 
Body of the Sun, and the immenſe Fir- 
mament of Stars, ſhould all move round 
the inconfiderable Body of the Earth every 
twerſty- four Hours, 5 
III. Tun Earth moving round the Sun 
is agreeable to that general Harmony, and 
univerſal Law, which all other moving 
Bodies of the Syſtem obſerve, viz. That 
the Squares of the periodical Times are as the 
Cubes of the Diſtances : But if the Sun move 
about the Earth, that Law is deſtroyed, 
and the general Order and Symmetry of 
Nature interrupted ; ſince according to 
that Law the Sun would be fo far from 
revolving about the Earth in 365 Days, 
that it would require no leſs than 5196 
Years to accompliſh one Revolution. 

IV. Ae AIN: Did the Sun obſerve the 
univerſal Law, and yet revolve in 365 
Days, his Diftance ought not to be above 
310 Semidiameters of the Earth; whereas 
it is eaſy to prove it is really above 20000 
Semicamcters diftant from us. 

V. Tux Sun is the Fountain of Light 
and Heat, whieh it irradiates through all 
the 9 z and therefore it ought to be 

K 2 placed 


132 
and equable Manner: For, 
Planets would then, like the Comets, be 


greateſt Diſtance; which 1 18 not to be fps 


and Operations of Nature. 4 


Syſtem, and that the Planets move about 


cury and Venus are ever obſerved to have 


1 
- 3 
1 
— 1 E 
2 4 * 
.. YI 
© 


 AsTRONOMY. , þ 
3 in the Centre, that ſo all the Pla 
nets may at all times have it in an uniform 


VI. Ir the Earth be in the Centre, ane 
the Sun and Planets revolve about it, thel 


ſcorched with Heat when neareſt tho Sun 
and frozen with Cold in their Aphelia, of 


poſed. 

VII. Ir the sun be placed in the Centel 
of the Syſtem, we have then the rational 
Hypotheſis of the Planets being all mou 
about the Sun by the univerſal Law 
Power of Gravity ariſing from his val 
Body; and every thing will anſwer to thei 
Laws of circular Motion, and centrall 1 
Forces: But otherwiſe we are wholly: ul 
the dark, and know nothing of the * 


VIII. Bur happily we are able to give 
not only Reaſon, but demonſtrati ve Pro 
that the Sun does poſſeſs the Centre of thai 


it at the Diſtance and in the Order abou 
aſſigned : The e of which is, That A 


tao. Confunctions with: the Sun, but no Op-1 


peſitien; which could not happen, unleſl 
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5 the ſorbits of thofs Planets 1 | 
Orpit of the Earth 178 8 by Wee * 


N bxXxXxIX.) t. What relates to the Conjunctions 
and | Oppoſitions of the Planets will be eaſily underſtood |} 
by a Diagram. Let 8 be the Dun, T the Earth, V Pl. 1 
25 5, and M Mercury, in their. E veral Orbits. Nor 
tis evident that when Venus and Me are at V and 
M, | they will be ſeen from the Earth 1 in the ſame 
of the Heavens with the Sun, v z. gt W, becat ſe 
are all poſited in one Right Line 3220d this 
Lies the Lowey, or Inferior * „ 
Again: : When Fenus and 17 cury come. to the 
: lens D and O, they are 5 in the ſame Right 
ne joining the Centres of the Earth and Sun, and are 
efore again ſeen in the ſame Part of the Heavens 
i) him; and this i is call'd the Upper or Su; erier Con- 
Fion. Here tis evident, thoſe two Planets muſt ap- 
twice in Coli unction with the Sun in each Nevo- | 
ſon, to a SpeQator on the Earth àt P, which s we at 
ent will ſuppoſe to be at Reſt. „ 
Hence Have an infallible Proof that the Grbite | 
enus and Mercury lie bo h within the Orbit of the 
th. Alſo the Orbits of Mars, Jupiter, and Saturn 
ſt lie without the Orbit of the Earth; for otherwiſe 
y could not exhibit the Appearance they do of al- 
teſßate Con junctions and Oppoſitions. Thus let Mar: 4 
befin- his Orbit at % tis evident when the th is at 0 
T, that Planet will be ſeen in Conjunction with the 
Sun, and will be then at its greateſt Diſtance from the 
rth. 
4. But when the Earth is at . between the 8on and 
Mars, 'tis plain they muſt appear in oppoſite Parts of 
the Heavens, becauſe a Perſon at ? viewing the Sun at 
8 muſt look directly to the contrary Part to view the 
Planet at V; and in this Oppoſition to the Sun ars 
is neareſt to the Earth: All which is ſo evident from 
the Scheme, and ſo exactly ag eeable to the Phznomena 
of thoſe Planets in the Heavens, that any Perſon muſt be 
2 obſtinate, and incapable of any Sort of Con- 
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: and Saturn, have each their candle 


8 M = 388, and then draw TA, TR, to — thoſe 


es. 


A8TRONOMY,_. 
1X; Tur ſecond is, That Mart, J 


vickion, who cannot ſee the Conſtitution of Nao 
and the Diſpoſition of the Planetary Orbits, are ſuck aj 
are above deſcribed. 

5. But farther : If we divide the Diftzacai of 40 | 
Earth from the Sun, viz. the Line 8 T, into a hundred 
or a thouſand equal Parts, and place the Orbits of Vet 
nus and Mercury at the Diſtance of S V. = 724, ahd® 


Orbits in the Points A and R; then tis plain the Angle 
A T's and RTS will meaſure the greateſt Diſtance ati 
which either of thoſe Planets can be feen from the Sung! ] 
becauſe the viſual Ray paſſing to the Planet in any oe 
Part of its Orbit will lie nearer to the Line T.S W; : 
and therefore ſhew the Planet nearer the Sun than when z 
at AU R. 9 
6. Now 'tis found: by meaſuring habe Angles ga. J 
metrically in the Diagram, that the Angle ATS = 1 
Degrees, and RT Sg 20, very nearly; and this agrees 


exactly with their obſerved greateſt Diſtances or Jane 1 


gation from the Sun in the Heavens. Hence it is thay 
Mercury is ſo rarely ſeen, and Venus but at certain Tie 


of the Year; whereas if the Earth were at reſt, and g 


the Centre of the Planetary Orbits, thoſe Planets wou 
be ſeen in all Poſitions. and Diſtances from the Sun, in 
every reſpect like the Moon; and therefore tis pẽ. 


fectly ſurprizing, how any Man can reſiſt ſuch n 


Evidence of Truth on one hand, and F ilſhood on by 
other. 


7- We have already ſhewn, that the apparent l 
nitude and chens of an Object decreaſes as 
Square Diſtance increaſes; therefore the Magninide 17 
Venus ſeen at V is to that as it appears from D in the 


Proportion of T D* to F V., that is, as 17245 $0276% 


or as 36 to 1 nearly. And when Venus is meaſured' in 
both thoſe Diſtances with a Micrometer in a Telefeope, | ! 


the Numbers ſhew the perfect Agreement of this Sytem. | f 


n Nature itſelf. 
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aud Oppoftions to the Sun, alternate and 
ſucceſively z which could not be, unleſs 
8. Thus alſo the #pparent Magnitude of Mari, when 
higDiſtance is ? V, is to that when his Diſtance is T T, as 


TY* to 1 3 that is, 28 2523 to 523˙ or very 
grly as 25 to 1. And this we know is true in FaR, by 


ſtance appears ſo large that he has been often miſ- 
aken for Jupiter, whereas in His greateft Diſtance he 


xed Star. | 3 

. From what has been ſaid of the Phaſes of the 
Moon, 'tis eaſy to underſtand that Venus and Mercury 
nuſt have nearly the like Appearances. Thus when 
aus is at V, all her illumined Hemiſphere will be 


; ſhe paſſes from V to A ſhe will apprar horned. At 
the will ew juſt half her enlightened Surface to the 
Earth, and appear biſe#7d, or dichetomiſed. From A ts 
D ſhe will appear more and more gibboirs ; and. at, D 
would appear a Full enlightetied Hemiſphere, were it 


hind his Body: All which Phaſes return again in the 
other Half of the Orbit. The ſame Thing is obvious 


Jupiter and Saturn appear always with a Full Face, by 
reaſon of their very great Diſtance. 


* 
* 


10. The Appearance of Venus in the Day- time for 
ſeveral Days together; in ſome certain Years, put the 
fagacious Dr. Halley on reſolving the following Problem, 


| Wiz. To find the Situation of Venus in reſpeR of the Earth, 


| When the Ared of the illuminated Part of her Diſh is a 
Maximum. | {ſhall here give the Solution as he has 
* propoſed it in the Philoſopbical Trauſacl ions, Ne 349; 
And alſo the Demonſtration, which the Doctor omitted. 

11. In order to this, let S be the Sun, V the Planet 


nlaſuring the Planet in both thoſe Diſtances, It is lixc- 
Ie obvious to common Senſe; for Mars in his neateſt 


appears ſo ſmall as ſcarcely to be diſtinguiſhed from 4 


tuned directly from the Earth, and ſhe will then be New. 


not that ſhe is then loſt in the Sun's Blaze, or hid be- 


in Mercury, and Mars ſhews Part of thoſe Phaſes ; but 


* 
0 A 3 
4 1 12 
. * 
X - 


Pinus in the Situation fequtred, F the Earth, and FV Pl. LVI. 
her Diſtance ſought. Put T Sa, SV =6b, TV =x, Fig. 1. 


K 4 | their 


— 
1 3 


ai on * he Poin V with the Radius V T deſcribe the 


| we have a =b* + x* + 2 bd, ES a — 2 bd=b* 


Sine of the exterior Angle T VA. 


Arch of Illumination a F is equal to the Arch 54, 
which meaſures the exterior Angle B d. And it has 
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their Orbits were. exterior to the Orbit of 


the Earth, 


Quadrant from T let fall the Perpendicular TB, 
and-put BVS 41 then AB Xx - Ad u, the Verſed 
Sine of the Angle TVA. Now (by Euclid II. 12. 


+ x* ; and by adding 2 b x on each Side, a + 2b x— 
n 3 that is, a* ＋ 26 = 4. 
* zx=r, Then r —a* =2bv =5; and mul. 
viphying by 2 x we have 46 =2 xs, whence 4bs: 
$2: 2x:v; that is, 4bx:b*+2ba+xx— a; 
2TV: AB :: the Diameter of a Circle to the Verſed 


12. But in any Situation B of the Planet Venus the 


been ſhewn, that the Area of the whale Diſt of the Plaret 
is to the Area of the enlightened Part as the Diameter if 
a Circle to the Verſed Sine of the Arch of Illumination; 
and therefore as 46 x to + 2b x + xf — a. 


13. But the Area of the whole Diſk is every where az 
[ 


g —; therefore, as e, — 4 1 — 75 


xx 
30 +2 EEE , Which in all Caſes will be pro- 


e to the enlightened Area of the Diſk. And 
to determine this a Maximum, its Fluxion muſt be = o, 
or the negative Parts thereof be equal to the affirma- 
tive, that is, that 2 bz ＋ 2 X4b#*=12bx* x X 


b*+2bx+xx—a?; and dividing all by 4 5 * &, the 


Equation becomes 2b x +25* = 36* GEZ 
— 3a. Conſequently e 


whence we get x = V/ 7 ＋ 5 — 26 427. 


14. If therefore we 5 e fon from the Scale of equal 
Parts 8 T, and ſet from T to the Orbit of Venus, it will 


intent it in the Pos *5 apd 7 Te it wil give 


13 ” * 8 * 1 
. 6 } x a 5 <4, . A I 
; — , S . „ 
* - * 
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of X. In the third Place, the greateſt Elon- 
Latin or Diſtance of Mercury from the Sun 


he the Angle x TS = 40 Degrees nearly; which ſhews 
B, W that when Venus is 40 Degrees diſtant from the Sun, 
ed before and after her nferior Conjuneti;n with him, ſhe 
2.) men ſhines with the greateſt Luſtre poſſible. 3 
15. In this Poſition we ſee not much more than 2? of 
ber Diſk enlightened, and yet ſhe ſhines with fo great 
= a Luſtre as to ſurpaſs the united Light of all the Fixed 
ul. WH Stars that appear with her, and caſts a very ſtrong Shade 
x: on the horizontal Plane, and may be ſeen in the full 
: WM Sun-ſhine of the Day; a Phænomenon very extraor- 


ed dinary, and which returns but once in eight Years. 
he 


16. The different DireQions in which the Planets 
appear to move in the Heavens is an irrefragable Ar 
ment of the Truth of the Solar Syſtem ; for in the Fi- 
kmean Syſtem: they, would be ſeen to move with their 
true or real Motion, and in their Direction according 
to the Order of the Signs from Weſt to Eaſt, in every 
Part of their Orbits, and that always in an equable 
Manner; whereas now we obſerve them move ſome- = 
4 times from 7777/7 t Eaſt, when they are faid to be direct — 
I in Motion; ſometimes from Eaſt to Ig, when they | 
= are ſaid to be retrograde, or to go backwards; and ſome· 
c times they appear not to move at all for a certain Time, 
* when they are ſaid to be /ationary : And laſtly, the 
nd Motion of a Planet when dired is always much flower 
9 than when it is retrograde. | 
GY 17. Now all theſe Phænomena are not only expli- 
„ able by, but neceſſarily follow from, the Copermcan 
Theory. Thus with reſpe& to the Planet Mercury, 
he when at R he will appear at his greateſt Diſtance from 
* WW the Sun among the Stars at Q, being ſeen in the Line 
15 TQ but as the Planet paſſes from R by N to O, the 
viſual Line TQ will continually approach the Line TW. 
in which the Sun appears at W; and when the Planet 
is come to D it will be in ConjunQtion with the Sun, 
and will have apparently deſcribed the Arch QW in 
me Heavens, After this, while the Planet moves from 
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is but about 20 Degrees, and that of Ve. 


nus but about 47; which anſwers exactly 


O to Z, it will appear to go in the Heavens from W 


to X, ſtill the ſame Way as before; and becauſe its 


while direct. 
18. But when the Planet moves from Z to M, the 


appatent Motion agrees with the true, it is all this 


Ray TX will return, and deſcribe the Atch X W back 


again; and as the Planet moves from M to R, the vi- 


ſual Nay will keep moving on from W to Q; and ſo in 
a 


the Paſſage of the Planet through the Part of its Orbit 


-ZMR it will appeat to move in the Heavens through 


XW Q, the ſame Atch as before, but in a retrograd? 
Teton Res, - | 

19. Now becauſe the Tangent Line or viſual Ray 
T Cor TX coincides as to Senſe with the Orbit of the 


Planet for a ſmall Diſtance on each Side the Points R 


and Z, as from a to b, and from c to 4; therefore the 


Planet when it arrives at @ will appear to move in the 


Tangent from à to b, during which time it will be ſeen 


in the ſame Right Line T Q, and conſequently in the 
ſame Point Q in the Heavens: So that in its Motion 
from a ta b it muſt appear Hationary, or without any 


Motion; and the ſame is to be obſerved in moving from 
c to d, whetr the Planet is in that Part of its Orbit. 
20. Hence we obſerve, that in Mercury atid Venus, 
the Places R, Z, and A, G, of their greateſt Elonga- 
tion are thoſe in which they are ali, nary. It is ih 
theſe two Points that we can at any Time ſee Mercur); 
and it is in thoſe Points that we fee Venus ſuch a glo- 


1 tar or 1 at A, and fuch a 


ſplendid Evening-Star ot Heſperas at G. Hence we 


- obferve, that from the Time Venus is a Morning-Star 


in her greateſt Elongation at A, to the Time of her be- 
ing an Evening-Star in het greateſt Elongation at G., 
the is direct in Motion: Conſequently, half the Time 
'of her being a Morning or Evening Star ſhe is dire, 
and the other half retrograde. Fro Me Fa 


to 
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to their Diſtances in the Syſtem above 
aſſign d: But in the Ptolomean Syſtem, they 


21. Alſo it is eaſy to obſerve, that ſince the ſame 
Arch Q is deſcribed in Times very unequal, viz. in 
the Times the Planet deſcribes the very unequal Parts 
of its Orbits RO Z and Z MR, the HUD of the 
Motion in the former Caſe muſt be much leſs than that 
in the latter; that is, the Planet when direct moves aps 
parently much flower than when it is retrograde. _ 

22. If we conſider the Diſpoſitions of the Orbits of 
the ſuperior Planets, we ſhall obſerve the ſame Phæno- 
mena of them alſo. Let S be the Sun, ACH the 
Earth's Orbit, I MK that of Mars, and OLQ the 
Firmament of Stars. Through Mars at M draw MG 
and OM C, to touch the Earth's Orbit in G and C. 
Then becauſe the Earth and Mars do both move the 
ſame Way, but the Earth very quick in reſpect of Mars, 
all the Phznomena will be the very ſame if we ſuppoſe 
Mars to be at Reſt, and the Earth to move with the 
Difference of their Velocities. 
23. Let Mars then be at Reſt in M, and the Earth 


begin her Motion from G. At G the Planet will be 


ſeen in the Line & Q, among the Stars at Q When 
the Earth is at H, Mars will be ſeen in the Line H P, 
among the Stars at P. In the ſame manner at A, B, 
and C, the Planet will be projected to the Points L, 


N, O, in the Heavens. Therefore while the Earth 
deſcribes the Part of its Orbit G A C, Mars will appear 


to move through the Arch of the Heavens QL O; 

which being from Weſt to Eaſt is according to the 

* of the Signs, and the I lanet will be dire in 
ion. 5 

24. But as the Earth proceeds from C to D, Mars 

will appear to move from O to N; and as the Earth 

goes on through E, F, to G, Mars will appear to re- 


turn by L, P, to Q, and ſo meaſure back again the 


ſame Arch. as before: And thus during the Earth's Paſ- 
ſage from C to G, this Planet will appear retr:graze ; 
which therefore mult always be the Caſe when he is in 


might 
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might and would ſometimes be ſeen 180 
Degrees from the Sun, vis. in Oppoſition 


to him. 


Oppoſition to the Sun and neareſt to the Earth, as in 
Conjunction he is always direct in Motion; and when 


the Earth is in G or C, the Planet muſt appear for ſome 
Time flationary, for the Reaſons mentioned in Art. 19. 


The ſame may be ſhewn of Jupiter and Saturn; but as 
the Earth has a much greater relative Velocity in re- 
ſpect to 22 than it has with reſpect to Mars, the 
Times of the Conjunctioßns and Oppoſiticns, as alſo of the 


5 þ"ogreſſive and regreſſive Motions, will be more frequent 


11 Jupiter than in Mars, and for the ſame Reaſon will 
happen oftener in Saturn than in Jupiter. as 
25. Again: Another Phænomenon, which infallibly 
ptoves the Truth of the Cope nican Syſtem, is, that 
Venus and Mercury ſuffer an Occultation behind the 
Sun's Diſk, when they are in the remoteſt Parts of 
their Orbits, as at D and O; but this can never happen 


in the Ptolomean Hypotheſis, becauſe there the Orbit of 


the Sun is ſuppoſed exterior to the Orbits of thoſe two 


Planets. ; 8 | 
205. All theſe Phznomena of the Planets plainly prove, 
that the Earth holds that Place in the Heavens which 


the preſent Philoſophy aſſigns her; but to ſhew more- 
over that ſhe has not only a Place among the Planets, 
but likewiſe that ſhe is carried in the ſame Manner 
with them about the Sun, we need only obſerve, that 


the Times in which theſe Phænomena happen to the 
Planets are no ways ſuch as they would be were the 


Earth at Reft, but fuch as they muſt neceſſarily be ſup- 


| poſing the Earth's Period about the Sun to be in 365, 


Days. | 
27. For Example: Suppoſe F. nus at any Time in 


Conjunction with the Sun at V, then were the Earth at 


Reft at T, that very Conjunction would happen again 


when Venus had made juſt one Revolution, that is, in 


225 Days; but every one knows this is contrary to 


Experience, for a much longer Time than that lapſes 
| XI. FourTury, 
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ASTRONOMY. - 
XI. FourTHLyY, In this Diſpoſition of 
the Planets they will all of them be ſome- 


times much nearer to the Earth than at 


others; the Conſequence of which-is, that 
their Brightneſs and Spendor, and alſo their 
apparent Diameters, will be proportionally 
greater at one Time than another: And 
this we obſerve to be true every Day. Thus 


between two Conjunctions of the ſame Kind; as there 
evidently muſt, if 
tion towards the ſame Parts in the ſame Time; becauſe 
then, tis plain, when Venus comes again to V, the 
Earth will have paſſed in that Time from T to ſome 
other Part of the Orbit, and from this keeps moving 
on till Venus gets again between it and the dunn. 
28. What this Surplus of Time is, may be eaſily 
eſtimated, by ſuppoſing the Earth to be at Reſt in her 
Orbit, and Venus to move with the Difference of their 
mean Motions. Thus the daily mean Motion of the 
Earth is 597 8//, and the daily mean Motion of Venus 


is 19 36 8”, The Difference of theſe mean Motions 


is 37” ; therefore ſay, As 37' is to the whole Circle or 
360 = 21600, fo is 1 Day to 583 Days, the Time 
between two Conjunctions as required, viz. 1 Year 


and 218 Days, in which Time Venus performs a little 


more than 24 Revolutions. In the ſame Manner the 
Time may be found for any of the other Planetary 


ConjunQions, Oppoſitions, Stations, Retrogreſſions, c. 


27. Theſe Arguments are plain, and eaſy to be un- 
derſtood; moſt of them require no more than com- 
mon Obſervation, that is, in other Words, common 
Senſe. To be ignorant of the Truths here ſpecified, 
is to ſhew an unaccountable Inattention to the moſt ob- 
vious and glaring Phenomena of Nature: And if People 
are not. convinced by theſe Proofs, it is nat becauſe 


they cannot, but becauſe they will not; and herefore, Si | 


Populus vult decipi, decipiatur. 


we ſuppoſe the Earth to have a Mo- 


' the 
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the apparent Diameter of Venus, when greats 
eſt, is near 66 Minutes, but when leaſt 


, 
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not more than 9 Minutes and a half; of 
Mars, when greateſt, it is 2 1 Minutes, but 
when leaſt no more than 2 Minutes and a 


half; whereas by the Prolomean H ypothelis 
_ ought always to, be equal. | 


H. The tb is, That when the Planets 
are view'd with a good Teleſcope they ap- 
pear with different Phaſes, or with different 
Parts of their Bodies enhghten'd. Thus 
Venus is ſometimes new, then horned, after 
that dichotomifed, then gibbous, afterwards 
full; and fo increaſes and decreafes her 


Light, in the ſame manner as the Mock, 


and as the Copernican Syſtent requires. 
XIII. Tun „tb is, That the Planets, all 
of them, do ſometimes appear direct in 


Motion, ſometimes retrograde, and at other 
times ſlationary. Thus Venus, as ſhe paſſes 


from her greateſt Elongation Weſtward to 
her greateſt Elongation Eaſtward, will ap- 
pear direct in Motion, but retrograde as ſhe 
paſſes from the latter to the former; and 
when ſhe is in thoſe Points of greateſt 


' Diſtance from the Sun, the ſeems for ſome 


time fationary : All which is neceſſary up- 


on the Copernican ee, but cannct 


b in any other. 
| XIV. Tur 


ASTRONOM v. 
XIV. Tur ſeventh is, that the Bodies of 
Mercury and Venus, in their lower Con- 


junctions with the Sun, are hid behind the 


Sun's Body; and, in the upper Conjunc-. 
tions, are ſeen to paſs over the Sun's Bod 
or Diſk in form of a lack round Shut ; 
Which is neceſſary 1 n the — but 
impoſſible in the Puſan 'Sy 

XV. Taz eighth is, That the Times. i in 
which theſe Conjunctions, Oppofitions, Stations, 
and Retrogradatians of the Planets happen, 
are not ſuch as they would be, were the 


Earth at Reſt in its Orbit; but preciſely 


ſuch as would happen, were the Earth to 
move, and all the Planets in the Periods 
above aſſign d them: And therefore #bis, 
and no other, can be the true Syſtem of . the 
World; and it will ſtand the eternal Teſt 
of future Ages, for, MicuTY 1s. Twe 
Force or 'FRUTH, AND SHALL PREVAIL. 

BuT though the Planets all move round 


the Sun in Orbits commonly ſuppoſed. cir- 


cular, yet are they not exactly fo, but ellip- 


tical, or in form of an ELtiests, which 


Figure 1 18 vulgarly called an Oval, as AB 
PD, deſcribed. about two Centres 8, F. 


called the Foci, or Focal Points of the El- 
lipſe, The Point C is the Centre; A 
the . or longeſt Diameter ; and BD 

| the 
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the ſhorteſt Diameter: And in one of 
| theſe Focus's, viz. 8, the Sun is placed, 
about which the Planet moves in the Or. 
- ; bit ABPD r 1 


(cxl. ) I. We 3 hitherto 1 tha pls 


mena of the Heavenly Bodies without regard to the ac- 
curate Form of their Orbit vrhich is not circular, but 
| elliptical; yet that it ivagny” 
eccentric Orbit, as that of 9877 will appear by 


comparing their Eccentricities with their mean Dif- 


tances from the Sun. Thus ſuppoſe the mean Diſ- 
tance of the Earth from the Sun be divided i into 1000 


„ then in thoſe Parts we have, ee, 


In Mercury, Cs: DS 80: 387 ©: 14,84 
8 Venus, ? CS: DS: n 144,6 
Ferd. SS: BS u 17 1000 1:19. 
E Mars, „ I41 : 1524 3: 1: 10, 8 

57 5 CS: DS: 1 . 11: 20358 +. 


2. It is Sand by e gr 8 Ocbits of the 
PL LVI. Bn are quieſcent, or that the Line of the Apfide 
Fig. „ — P always keeps one and the ſame Poſition with re- 


ſpe& to the Fixed Stars: And the Aphelium, or Point 


al Ge different Points in the a in. the ſeve- 
ral rbi | 


ts as follows. | V 
0 oF 1 | docks TE? 2 1. 


; Io Mary, 4 12 44 oo e mM 31 54 
Vanur, = 4 19 54] upitir, > 9 9 54 

| Earth, m 8 1 10  Satwns. 1 27 49 54 

3. That the Earth's Orbit is elliptical is well known 
from common Experience; for were the Orbit circular, 
the Sun's apparent Diameter would always be the ſame; 
but we find it is not, for if it be meaſured. with' a Mi- 
 crometer in Winter-time, it will be found conſiderably 
larger than in the Summer, and it will be 
all when the n ing ol 5, (which. 


ws that 


5 f e Hencs, 


ittle ſo, even in the moſt 


eateſt of 


a 1 GG 7 as. was * 
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Hence, when the Planet is in the Point = 
P, it is neareſt the Sun, which Point is, . 


is the Place of the Aclelim ) it phi then 327 at; 
whereas when the Sun is in the gf S, his Diameter 
is but 31 40% n 

4. Hence it is evident hat the Sun is really nearer 
to us in the Midſt of Mer than in the Midſt of Sum- 
mer; but this ſeems a Paradox to many, who think 
the Sun muſt needs be hotteſt when it is neareſt to us, 
and that the Sun is apparently more diſtant from us in 
December than in June. As to the Sun's being hotter, 
'tis true it is ſo to all thoſe Places which receive his 
Rays directly or perpendicularly, but we find his Heat 
abated on Account of the Obliquity of the Raj s, and 


his ſhort Continuance above the Horizon at that Time. 


And as to his Diſtance, it is only with reſpe& to the 
Zenith of the Place, not the Centre of the Earth ; ſince 


it is plain, the Sun may approach the Centre of the 


Earth, at the ſame time that it recedes from the Ze- 
nith of any Place. | 
5. Agreeable to the Sun's nearer Diſtance in the 


Winter, we obſerve his apparent Motion is then quicker | 


than in Summer; for in the 8 of . it is about 61' per 


Day, but in the 8* of = his Motion is but 577 per 
Day. Accordingly we find the Summer Half-Year 8 


Days longer than the Winter nen as n by 
the following Computation. 


| Summer Half Year includes WI d ER Balg Tie- includes 


In March, 211 Days. In September 18 Days. 


April © 30 „ Oar. It 
May VVV 
June 30 December 3 
July 3 EY „„ Jenumy 31 | 
Auguft © | February 28 
September 14 . March © 9: 
— ; $8: — bat 
Summer-Half 1862 | > 2 yg 
Winter: Half 1783 8 1 ; 


The Difference 8 Days. 
Yor: MH * | N 
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for that Reaſon, call'd the Peribelion: Here, 
therefore, the Attraction of the Sun is 


E 6. For the Sun's attracting Force being one Part of 
3 the Cauſe of the Planet's Motion, and this Force al- 
ways increaſing and decreaſing in the inverſe Ratio of 
the Squares of the Diſtances, tis evident the Velocity 
I of -the Planet will always be greater the nearer it is to 
„ the Sun, and vice verſa. Hence the Mot on of a Pla- 
= net is every where unequable, being conſtantly accele+ 
rated as it paſſes from A by D to P, and in the other 
Half from P to A it is retarded. | e 
7. Vet is this unequal Motion of a Planet regulated 
by a certain immutable Law, from which it never varies, 
which is, That a Line drawn from the Centre of the Sun 
to the Centre of the Planet does 'ſo move with the Planet 
 G@bout the Sun, that it deſcribes elliptic Areas always pro- 
porti nal to the Times. That is, if when the Planet 
moves ſloweſt it deſcribes the Arch A a in a given Time, 
and when it moves quickeſt it deſeribes the Arch bP in 
the ſame Time, then will the trilineal Area A S à be 
equal to the other trilineal Area 6 STP. 
Pl. LVI. 8. To demonſtrate this, let the Time in which the 
Planet moves through the Periphery of its Orbit be di- 
vided into equal Parts, and ſuppoſe that in the firſt Part 
4 it deſcribed any Right Line AB, by the Projectile 
Porce in any Dire ion and the Centripetal Force con- 
jointly; then in the ſecond Part of Time it would proceed 
in the ſame Right Line to c, if nothing prevented; ſo 
| that Be = A B, as is manifeſt from the firſt Law of 
ion... | DT 3 Oe. 
„ 9. Draw the Right Lines SB, Sc, and the Tri- 
angles ABS and Be S will be equal, as having equal 
Bates AB, Be, and the ſame Altitude of the Vertex 
8. But when the Body comes to B, let the centripetal 
Force act with a new Impulſe either equal to the for- 
mer or unequal. and let it cauſe the Body to decline from 
the Right Line Be, and deſcribe the Right Line BC; 
draw Cc parallel to BS, meeting BC in C; and at 
the End of the ſecond Part of Time the Body will be 


7 ' ſtrongeſt, 


At. 


Or a a 
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ſtrongeſt, his Light and Heat greateſt, and 
his apparent Diameter largeſt; and in this 


at C, and in the ſame Plane with the Triangle AS B. 
Join 8 C, and becauſe of the Parallels SB, Ce, the 
Triangle SBC will be equal to the Friangle 8 Bc, 
and therefore equal to the Triangle 8 A B. By the 
ſame Way of Reaſoning, if the centripetal Force act 
ſucceſſively in the Points C, D, E, cauſing the Body in 
each equal Part of Time to deſcribe the Right Lines 
CD, DE, EF, Cc. the Triangles 8 CD, S DE, 
8 EF, c. will be equal, and all in the ſame Plane. 
10. In equal Times, therefore, equal Areas are de- 
ſcribed; and by Compoſition of Ratios, any Sums of 
Areas S A DS, S A F 8, are to each other as the Times 
in which they are deſcribed. Let now the Number of 
Triangles be increaſed, and their Breadth be diminiſhed 
ia infinitum ; then will their Perimeter A D F be ulti- 
mately a Curve: And therefore the centripetal Force, 
by which the Body is drawn perpetually from the Tan- 
gent of this Curve, acts inceſſantly; and the Areas de- 
ſcribed are alſo in this Caſe proportional to the Times 
of their Deſcription. © a Oy 
11. Hence the Velocity of the revolving Body or 
Planet is every where inverſely as the Perpendicular 
let fall from the Centre S to the Tangent of the Orbir 
in the Place of the Planet. For the Velocities in the 
Points A, B, C, Sc. are as the Baſes of the Triangles 
AB, BC, CD, Oc. as being the Spaces deſcribed in 
the ſame Time; and the Baſes of equal Triangles are 
reciprocally as their perpendicular Altitudes; and there - 
fore ſince in the evaneſcent Triangles AS B. ASC, Sc. 
the Right Lines A c, Bd, Ce, &c. become Tangents to 
the Curve in the Points A, B, C, Cc. tis manifeſt the 
Velocity in thoſe Points will be inverſely as a Per- 
pendicular from 8 let fall upon thoſe Tangent Lines 
12. Hence alſo it follows, that the Times in which 
equal Arches are deſcribed in any Planetary Orbit are 


BS © 77 Point 
15 3 , 
c os — 


7 


A 


5 A's T RON OM v. 8 
Point the Planet muſt conſequently move 
with the greateſt Velocity. But in the 


directly as thoſe Perpendiculars, becauſe they are in- 


verſely as the Velocities. 


13. If two Chords of very ſmall Arches deſeribel 


in the lame Time A B, BC, and DE, E F, be com- 


- pleated into the Parallelograms AB CV and FE DZ, 


and the Diagonals B V and E Z be drawn; then will 


thoſe Lines tend to the Sun or Centre 8, and be pro- 
portional to the centripetal Force: For the Motion BC 


and E F is compounded of BV, Be, and EZ, Ef; 


but BVS Cc, and EZ == F/; but Cc and FF were 


generated by the Impulſes of the centripetal Force in 
B and E, and are therefore proportional to them; and 
conſequently ſo are BV and E Z. wrath £50 412 


14: Draw the Diagonal A C, and it will biet the | 


Line BV in; conſequently the Sagitta Bb is as the 
centripetal Force by which the Arch ABC is deſcribed, 
whoſe Chord is A C. e i n | 


* 


pl. LVI. 15. Hence if a Body revolve in any Curve APq 


| Big. 5. 


about an immoveable Centre 8, the Force in any Point 


P will be to that in any other Point p as 


„ bt tou 1 
to JETT z for the Sagittæ QR, gr, (which call 


8, 3,) are as the centripetal Forces (F, /,) in P and 55 


when the Limes (T, t,) are given, (by the laſt) that 


is, 8: 4 :: F: . But when the Forces are given, the 
Sagitte will be as the Squares of the Times, viz. S: 3 :: 
TT: 11. Therefore when neither the Times. nor the 
Forces are the ſame, it will be 8: 5 :: FX T.: fn; 


and ſo Fi 4 i F : f. And becauſe the elliptic Areas 


| 8 QP and 895 are as the Times in which they are de- 
ſcribed, therefore when the Arches PQ and pg are in- 
ern ſmall, we have T: r: 48 PX CT: 285 
Xgt x QT : SP X t. Conſequently we have, 
K * SP*X QT* © Sp*Rgrt 


—tHR Age mn ena 


_— 


Point 


SQ / 


A. > FA 


A $TRONOMY. 49. 1 
Point A, where the Planet is fartheſt dif- | | 
tant from the Sun, (for that Reaſon cad 


16. Let SY be. a 8 let fall from 8 upon 
the Tangent PR. produced; then will the centripetal 


Force be as ON becauſe the Rectangle SY) ND * 


SPN Q; for the evaneſcent Arch QPi is co- 
incident with the Tangent PR, and may therefore be 
eſteemed as the Baſe of the Arkan gle SPQ, whoſe 
| Area is either EX OT. or * XSL there · 

: fore SPXQT=QPXSY. hich Was to be 4 
«7 ſhewn. ; 

: 17. If the Orbit were a Circle, as POV EF, and Pl. LVI. 
| PV a Chord drawn heough, the Centre of Force 8; „ 
. then drawing the Chord QM in ſuch Manner as it may 1 
ode biſected in K by the Chord PV, we have OK. 

5 XX K, (by Euclid, III. 35.) but i in the vaniſhing. 

, State of PK it will be VK VP, and QR= a7 

ill (by t. 13.); alſo QES Qs, thetefore QP: 


; XR and Pr = TE) ; whence, f in this Caſe, the 
central F orce will be inverſely as SY: X P V. FRED 
18, Wherefore, 3 the Velocity is as TP we 1755 


„ 


„ 
* 


8 Vas the Square of the velocity inverſely ; ; therefore I 
: the centripetal Force is as the Square of the N oy 
t directly, and the Chord P V-inverſely.” | © 2 | A 
0 19. Hence if the curvilinear Figure AP Qbe given, 

: and any Point S to which the centripetal Force is. con- 

e tinually directed, the Law of the centripetal Force may 
; be found, by which any Body P perpetually drawn from 
2 right-lin 'd Courſe ſhall be detain'd in the Perimeter of 
5 that Fi e and by revolving ſhall deſcribe it, viz. hav 
- 


computing the Value of the TENOR Sr x= TT 1 
p or of 8 VPV. - 
„ 20. For Example: Let 4 Boch P revolve in | the Cir- 
e 1 a 9 "tis ee to o find the Law of the 


Ll 2 the 


it 


8 s ONO SF. MN 


the Atbelian ) every thing i is juſt t e reverſes 
Andi in the Points B or D it 18 in its mean 
55 Diſtance from the Sun. | 


F 1 


Pl. LVI. See ee 3 1 40 any given Paint S. Let p * 
i.. be 2 Tangent in the Point P, and 8 V the Perpendicus 
x lar, and Y p the Chord paſſing through S. Let VA 
a be the Diameter of the Circle, and join AP. Then is 

the he Jo je S VP ſimilar to the Triangle VAP; 3 As 
4g, ty from Eucl. III. 32. Therefore AV 


_—._ bak  8P 8 V; conſequently LEN sv, ard 
E | SE * i =8Y'XP V, which therefore is as the 


70 centripetal Force inverſely; but becauſe A vi is a given 
Quantity, we have ThE faid Force reciprocally a8 8 * 
N 
21. Again: Let it be required: to find the Law 7 th 
centripetal Force by which a Bedy is mea, ſo as to" ues 


feribe the equiangular Spiral PQ about - the Canes f 8. 
In this Caſe all the Angles are given in every trilineal 


N Fig. 7 „Area SQP, and therefore alſo the Ratio of all the Sides 
* © in the Fig 2 8 PR QT; therefore the Ratio of QY 


Wt QR 


25 is « given whence G TR? X ar! is as QT; that i is, (be- 


C cauſe of the given Ratio of QT to P 8) are — isasSP, 


And this Ratio will be conſtant, let the Angle SON 
Changed in any Manner Whatſoever: Fot let QR =& 

when the Angle P'S Q.is conſtant, and Q 1 Vue 

= When it is ple; let QR= = x a QT = =; then 

= 7 by. 1. 11. of, * it will be. 4 * b*: 

= ; x ” F "pa T> 5 

f whence - 3 = 2 — == which wens that t will 


| always remain the ſame as at firſt, vi. 208 P. T heres 
bored T2 %,SP* 


: 7 = pee will become SP; ovnſequently the 
| rell Fe ore? * will be inverſely 2s SP. be. 


* 
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5 
As ro 
Now thoc Q_INC_L 2 DI e 
really en, yet is the Eccentrici ty CS, 


22. Let a Bach reuslor i in an Flip A PQ, by a Force pi _ a 
every where directed to the Genire C; it is required to find Ta; b 
the Law of that Force. Let Qp be drawn parallel to © '& ©” = 
the Tangent P R, and P F perpendicular to K C; and 4 
parallel to PF; 5 CQ the teſt as before. The right- 
angled Triangles QT V and PF C are ſimilar; for: the = 
Angle Q C= PCF, (by Euclid, XXIX, 1.) there: _— 
fs AT: Qn: PF: P 2 and QT X PC=Qv  #-: =— 
XP F. But Ar Xx PC is equal to twice the Tri- 1 = 
angle PQC, which is a conſtant Quantity, as being = 
proportional to the conſtant Particle of Time in which — 4 
it is deſcribed. Alſo in the Ellipſis DK XPF is a : 
conſtant Quantity (per Conics) . Therefore DK x PF 
is to QT Xx Po or QvXPF, that i is, DE to Q, — Mi 
in a given Ratio, wherever the Point P is taken i in the "22 
Ellipſis. Hence alſo the Ratio of DK*to Qu” is a 
conſtant one: But in the Ellipſis D K* ; Q; PG» : 

P'vX v (per Conics). Now becauſe 2 QR, 
and the Difference between G v and GP is infinitely 
ſmall, therefore Py x vG=QR X PG; whenceP G 

in a conſtant Ratio to PG & R, that i is, QR or =_— 
i centripetal Force is every where in a cinſtant Ratio to Eo 
| P G, or to PC, the Diſtance from the Centre. =_ 

23. Hence if the Centre C of the Ellipſis were to £ — 1 
90 off to an infinite Diſtance, the Ellivfis would be 
changed into a Parabela, in which the Body would 
move, and the Force now tending to a Centre at an in- 
finite Diſtance would become equable, or the ſame with 
' Gravity, according to the Theory of Galiles, And if 
the Parab:la ſhould be Changed into an HRyperbola, the 
Body would move in that Curve by the ſame Law of 
the Force now changed from a centripetal to a centri- 
fugal one, becauſe now it cauſes the Body to recede from 
PETTY. 12% d to find the L h 

24. J. et it required to the Law of the 
Force — 4 to one of the Foci of an Ellipſis. ow of th PL VII. 
to the Focus S, and P H to the Focus H, and HI pa- © 


N an in 
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- 
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in moſt of them, ſo extremely ſmall, as to 
be almoſt inſenſible; and therefore their 


rallel to DK. | Now becauſe CS=CH, we have 


SEI; and becauſe the Angle HP Z =S PR. 


(per Conics) and HI parallel to PR, therefore the al- 
ternate Angle PHI = PIH, and 6 PI= PH; con- 


ene 8 from the Geneſi 


of an Ellipſis. Let the Latus Reftum of the Ellipfis be 


TE 8 (becauſe 2 AC: 2BC:: 2BC:L) 254 


Qv interſect PS in x. Then becauſe QR = P x, and 
the Triangle Pæ v ſimilar to the Triangle P E C, we 
have Px: Po: E ( SAO“; 8 8 

Po :: AC: PC:; :LXQR: LXPv. Theorem I) 
Again, L XPS: GvXvP:: L: Gv. (Theorem II. 

Alſo, GY X P: Q:: P Er: DC, (per Pr 
Theorem III. Again, Qx* : r. P E. PF; but 


when the Points P and Q coincide, it is Q = Au, | 
and P ECA“; wherefore then Q: QT* :: CA! 


PF. Now becauſe P F x CD = ACX BC, (per 


Conics) therefore P F* Xx CD* = AC* X BC, and ſo 


AC Fenn: BC; ob * f T* 
:: CD® : C Bꝰ. ¶ Theorem IV.) l Q 
25. Theſe four Theorems ſet ſeparately as below. 


Treoren I. LXQR: EXP»: AC+FC 


BEXPy: GuXoP;:L: Gy... 
f GV NP: Q: : PC* ; SEE”. 
V. Q- 589 CD*: CR. 


It i is Len by j joining all the Ratios we have L X Un 


:ACXLxPC xCD*: PCx Gov x CD 
JS go. but becauſe AC Xx L=2 BC, we have LX 
QR: GT. : 2b C: Cv. Now when P and Qco- 


 Incide, 2 PCS Gr, and 334 LXQR=QT:*; and 


multiplying each Side bo Up" we ſhall have LXSP*= 


0 


3 


| Motions ; 


vans. 6 7 CS - 8 


A:$T-K'ONOMY. * 13 


Motions may be looked upon as circular, 


and as ſuch repreſented in Orreries and Di- 
agrams, without any ſenſible Error. 


3 
* 1 


$P*X QT 
" 
LX SP inverſely 31 or, becauſe L. is a de G, hor 


i will be directly 0 Cf. Se. * 


26. I ſhall now n Ratio tlie rojeAtileR Force 
which cauſes a Body to deſcribe a Circle has to that 
which (c teris paris 5 ) cauſes the Body to deſcribe any 
C:nic Section. Let us àſſume this, Ratio to be that of x 
to I; and putting 2 4 and 2 6 for the tranſverſe and con- PLIVI 
jugate Diameters of the Conic Section A N, the Circle Fi LVII. 
being AI H, ſuppoſe the Right Line E F to move pa- Fig 2+ 
rallel to itſelf, and the Points a and 4 therein ſo as to | 
deſcribe the Cutves Aland AN; and let the Diſtance 
of that Line from A B be call'd x, viz. A E * Wl 
let 20 . AH the Diameter of the Circle. ; 

* 


27. Now * 2 DB in the Circle, and —X 


V.1gx x38 = Ea in the Conic Section. The . 


of the Ordinates E 4 and E a, vix. 2 2 and 
Vr 858 


b Therefore the centripetal Force i is as 


2. — n be a e Velciies in ever 


Var 1 
Point of the Curves i in the Direction EF or AB. But 


4— 3 "a = * 
theſe Fluxions are as — e and — X eee 
2d—x - 3 2 4 = 


(andng b by =) and therefore when n " arrives to 


7 1 


A B, or x = 0, the Ratio of thoſe Fluxions « or r Veloci- 3 


4 
ties vill bec that of to — —X mi ora. 
wi come 1/24 2d : X = erase Rx 


Tux 


% 


88 83. Laſtly ; if. =0, then b=— 


A 8 7 T R 0 NO N *. 
Tur OxR ERV is, therefore, an adequate 


* 


Repreſentation of the Truz SOLAR . 


* 


* che Point A. Wherefore: Va = ns 
Font 74% L ink 2 a. SED 


13 whence we 1 e Rh, ö 5 


28. And when x = R the Diſtance of the 
b 
Centre of Force, we have . A = += 2 
become za dd=bb=nned -Whence we get 
$5553 5 a . | -Scind- 
a= e 55 5 Having therefore” the 


Diameters 24 and 26, the Conic Section is given 44 
1.14} Specie. 


29, Now becauſe Unity, or = 5 the pro 
jectile Force to deſeribe a Cirele, the Force »: may 
be any other Number greater ;or leſs to deſcribe a 
Conic Section. And firſt let u S 23 then will a= 


+ ” Oh + 4 1 £ # 
. =—_— 8 = Infinite, or the Centre of the Curve 
— * 


will be at an infinite Diſtance from A, and conſequent 
be the Parabola A N. : 


30. If the Value of * be bete een 1 and 2, or if 1 


be any Number between 1 and V. 2) then will the Co 
nic SeQion be an Ellipſe between the Circle AEFH 
and the Parabola AN, having the Centre of Force Cin 
the upper Focus next A, as the Ellipſe ALM K. 

31. But if 1 be any Number leſs than 1, the Cure 


ö vil ſtill be an Elliple but within the Circle, having 


the Centre of Force C in dhe lower or remote F ocus 
as the Eltipfis AIG O. e eee 
32. Again; if #* be greater than 2, or n greater than 


dA, then will & be negative; conſequenty the Curie 
will be an Hyperbola, as AO. 
nA 


eb a, an 
a * 2 — 2 
= = 14; ; that i is, if the projel Velocity be diminiſh' 


x1 | 5 TEM, 


5 


- 4 0 


k 
2 
* 


Rectangle 4X þ : A, the Area of the 
ales) therefore - X L*; ; 4 L X 1, er g9)chs 


A.$.T-R/O-N/O-M v. 
TEM, and gives a juſt Idea of the Number, 
Moti ans, Order, and Pofittons of the heavenly 


ad * then the Care or Trajectory will become 
the Right Line AC; or the Projettile will deſcend 41 | 
1 

et A= the Area of any Ellipſe, 8, 5; dhe Pl. 
a of the Sectors A SB, 'BS . G8 B, Gr. and 2 
T, 7, t, the Times in which they are deſcribed; then 
we haveS:$:: T: 7, andS:ts::T: 1, and 10 on 
for every Secdor through the whole -Area. Therefore 
Vit Ts + $554 T TT:: Sum of all the Sec- 
tors: Sum of all the Times in which they are deſcribed; 
fo is the whole Area A to the Periodical Time P of a 
whole Revolution. Conſequently, SXP = TX A, 


— ede ee - 


355 By Art. . 25. we, have the 188 Latus Reiym 
Zak AT. dut in a given Time the centripetal Foreeg 


QRis PRI wherefore in a given Time L.: : QT* x 5 | | 


$P*; and o LI rx 8, the Seflor A S dr. 


eribed in A þ eager Time. Fades hos Cy e = ; nere I 
A: NK. * The Area « n Ellidſe 3 4 in * 


Subduplicate Ratio f the Latus —_— ang 2 
Time conjarntly. ; 


36. "Now let a= Tranſverſe Sinks: and 32 Con ju- 
gate; then .(by,C Canics) 4: 0:5: L, and ſo 6* = al, | 
ap 19, x L*; . 5 But the ' 
iwie, (6 RF 


* * 4 * 


F 
JJV N Fe gs 2 U 7 ** 
* l #38 „ ( FL - 3 


AS TR ONO Mv. 1 
Bodies: But the Proportion of Magnitude 


and Diftances of the Planets 1 is not to be ex- 


3 


12 af Ji :Þ; 3 or, The iP eviedical Time | is in feds Seſqui- 


plicate Ratio of the Tranfuerſe or _ Axis f the 


 - Bllippe.. 


$7.0 Hence the Periodical Time will be the ſire in 
all the Species of an Ellipſis from a Right Line to a 
Circle deſcribed upon the ſame tranſyerſe Diameter ; or, 
more. particularly, the Time of deſcribing the ems 
Ellipſe AE D will be the ſame as that of the Semi. 
Ellipſe AO D; and the fame alſo as the Time of de- 
ſeribipg the Semi-Circle A P D, which is only one Spe- 
Cies of an Ellipſis, where the Foci coincide with the 
Centre N, and the Semi-Conjugate NO becomes the 
Semi: Diameter N P. Laſtly, when the Semi-Ellipff 
A OD degenerates into a Right Line A D by diminiſh. 
ing the Semi-Conjugate NO ix znfinitum, and the Fo- 
cus receding to the End of the Axis at D, it is plain 
the Time of deſcribing the Line AP is ſtill the fame, 


38. The Velocity of the revolving Body P is as 22 


Fig, 5” 3% being a Per endicular- let fall on the Tangent PY 


from the Centre of Force 8; for the Velocity is ever 
as the ſmall Arch QP deſcribed. in a given Time. But 
QP=PR, in its evaneſcent State : and becauſe of the 
Right Angles at T and V, and the Angle QP T 
X p S when the Points Q, P, coincide, 2 evaneſcent 
Triangle QP will be ſimilar to PSY; and therefore 
| 55 @P nt QT:: PS:SY; whence PR= 


2 But sr Nr: L?; therefore PR: 


N Ex * 
: - BE 


TY” | That! is, . 7 elecity is in the Gaps! Rati 


of the Latus Rectum. direfthy, and the Perpendicular 5n- 
verſely. © 

39. Hence the Velocities in the greateſt and leaſt 

| Diſtances A and D are in the Ratio compounded of the 


pected 


7 As r R O N O M v. 
pected from the Orrery, but by Delineation, 
as in Mr. Whifton's Solar Sytem; where the 


Wnitances SA and SD inverſely, in the ſame Figure 
where L is a given Quantity; becauſe in chat Caſe the 


Diſtances are the Perpendiculars. 
40. Therefore if a Circle DE CF be deſeribed at 
the Pg Diſtance 8 D, becauſe the Circle is that Spe- 


- 5 8 9 N 


cies of Ellipſis whoſe Latus Rectum is equal to the Dia- 


meter 2 D'S, and ſince in this Point D the perpendicu- 
ar Diſtance is the ſame in both, the Velocity of the 
Body in the Ellipfis at the Point D is to that of a Body 
deſcribing the Circle in the Subduplicate Ratio of L to 


2DS, or as L to V2 DS; and the ſame may be 


Fa 


ſhewn with reſpect to the Velocities at the other 


Point A. 
41. To compare the Velocity in the Ellipſe at the 
mean Diſtance B with that of a Body deſcribing a Circle 


EF at the ſame Diſtance C B from the common Focus Pl. L VII. 
S, let R Radius of the Circle = AC CDS SS, Fig. 6. 


ind let B = leſſer Semi- axis BC, which is here equal 
to the Perpendicular SY to the Tan ent in the Point B. 
Let the Velocity in the Ellipſe be V and in the Circle 
v; and as L Latus 2 of the Ellipſe, ſo 2 A is 
that of the Circle; therefore (Art. 38.) V: v:: 


VE, avi - . LX A: 2 B5. 


But becauſe (by . Cinics) A: B:: 2B: L, chere 
28. ANL: conſequently V* = ui, and ſo V v. 
That is, The Velocity of the Body in the Ellipſe in the 
Point B is equal to that in the Circle EF deſcribed with 


the mean Dijtance SB. . 
42. It has been already ſhewn ( Art. 29.) that the 
Velocity of a Body in the Venex of a Parabola is to that 


in a Circle at the ſame Diſtance from the Focus, as V 2 
to 1. And becauſe every thing that has been ſhewn 
relating to the Motion in an Ellipſe may be demon- 
firated alſo of the. Parabola and Hyperbola, (See Princip. 


| | ſeveral 


Fig. 7. 


158 * 


* 


AsTRONOMY.. 


ſeveral Orbits of the Planets are laid down 
in their proportional Diſtances from the 


| Lib. I. Prop. XII, XIII.) 8 in ho pak the 
Veloeity will be every where at Pas a Perpendicula 
SY let fall upon the Tangent PY reciprocally, And 


C:nics) SY: SP, and ſo SV: V PS; therefore, 
Of Velocity in the r will be every wherg at 


Vw or in the . Ratio of the Diffance.3 its 
woſey. | 
We have alſo ſhown ( Annot. XXXIV. 14) ins 
Cirde whoſe Radius i isa, P = roms; ph Time, V= 


Ws, that V Pg a, and V= 5 —, and therefore V ide 


bu 

55 ; but alſo P-; 4, (ibid. 11. ) whence V* : 2; 1 den! 
POW" V: . | Therefore the 5 (vy in = 
the Circle 461 is to the Velocity i in the Cirele ing 


F r * 
EPF deſeribed with the Radius SP, as /— 1 to V1 
or V: v: ASP: :VAS= = IL. But the Veloci 


ties in the Points A and Pi in the Parabola alſo are in the 


ſame Ratio of VSP to IL (by 42.) ; conſequenth; I 5 
The Velocity in the Parabola at the Vertex A is to the Ve 1 
ocity in the Circle in the ſame Diflance A'S, as the Vile che 
city in the Parabola at P is to the Velbrity in the Cirde : Fo 
feribed at the fame n ws that i in, in the ww E let 


where of V2 to 1. | 1 


44- Again ; the Velocity in the Circle whoſe Radii 3 
is 2 SP is to the Velocity in a Circle whoſe Radius b 


8 P. as VSP to 78 P, or as 2 to 1; conſe- 5 
| quently, The Velocity in the Mako,” 10 'P; 16 equal to the 14 
Velteity in a Circle 6 e Radius i; * 


PL.LVII. 45. The angular Velocity of 1555 P revolving | in I */ 


Fig: = 


+ 


any 1 that is, the Angle which is made at the 
| Sun; 


» 


/ 
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with each other, and with that of the Sun, 


Centre S, viz. PSQ, by the Radius Ve&tur 8 de- 4 


ſeribing in a given T ime the Arch PQ, is as Q di- 


159 


rely, and as SP inverſely; that is, the Angle PS: 


99g :: 75 's T7 This is eaſy to underſtand when 
we conſider that any Angle er as the Arch PQ 
or p 9, deſcribed in a given Time, is ſo; and leſs in 
Proportion to the D.ſtance 8 P and 5p, becauſe the Ve- 
locities with which thoſe Arches are deſcribed are in- 
verſely as the Perpendiculars 8 V, Sy, to the Tangents 
in thoſe Points; and when the Arches Q and 9 are 


indefinitely ſmall; we may eſteem them equal to the 


Lines QT and 1. Whence the Propoſition is evi- 


46. Hence the angular Velocity at P and p is as 


p. and 87 for the Sectors PS and Pp 8 25 be- 


9 in the ſame Time, are equal; whence 
QT XSPSH t X Sp. Therefore QT :9t:: Sp: 


SP; and hence 3 45 Bf ; IT i p* 5 SP? 7: 


17753 


. 


46. From the Foci 8, 15 of the Ellipſe A B O let fall Pl. LVII. 


* 


the Perpendiculars 8 V, 35, to the Tangent Y y in the 
Point P; let the centripetal Force tend to the Focus 8; and 
let CB be the Leſſer Semi-axis. Then will the Velo- 
locity (v) in B be to the Velocity (V) in P, in the Ratio 
of VP to V SP, For V: v:: CB: S8 V, (Art. 11.) 
whence V*': v:: CB*: SY*. But (by Conics) BCi 
=SY X sy; therefore V: :: ST Ny: SY*:: 


59: S V. But becauſe of the ſimilar Triangles 8 P and 


iPy, itisSsytSY::5P:SP; wherefore V.: v®:: 

P; SP; conſequently V: V:: VP: SP. 
47. From what has been ſaid it appears, that the 
Motion of a Planet in its Orbit is very unequal and 
anomalous; and this Anomaly or Irregularity of the 
= Y Planet's 


Fig. 9. 
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ARNO Non yy.  -| 


Planet's Motion is in itſelf very irregular” alſo, being 
ſometimes more, and ſometimes leſs than at others, 
And in order to explain this, it will be requiſite to com. 
pare it with an equal and uniform Motion of a Bod 
moving in a Circle. Let therefore the Ellipſe AEB 

be the Orbitof a Planet, whoſe Focus is S, its greater 
Axis AB, and leſſer OQ. On the Centre 8, and 
with the Diſtance S E, (which is a mean Proportional 


between AK and O K, the two Semi-axes) deſcribe 


the Circle CEG F. The Area of this Circle will be 
equal to the Area of the Ellipſe, as I have ſhewn in 
my Elements of Geometry. wr e 
48. In this Circle let us ſuppoſe a Point to move with 
an uniform or equal Motion through the Periphery CE 
GF, in the ſame Time that the Planet deſcribes the 


Ellipſe; and when the Planet is in its Aphelium A, let 


the circulating Point be in C, and the Motion of this 
Point will repreſent the equal or mean Motion of the 
Planet; and the Point will deſcribe round S Areas pro- 
portional to the Times, and equal to the elliptic Areas 
the Planet at the ſame time deſcribes. 
49. Let now the equal Motion or angular Velocity 
in the Circle be C'S M, and take the Area ASP equal 
to the Sector C S M; and then the Place of the Planet 
in its Orbit will be P; and the Angle MS D, the Dif- 
ference between the true Motion of the Planet and its 
mean Motion, is the Equation, and is call'd the Prof- 
thaphereſic, from its being added ts or taken from the 
mean Motion, to obtain the true or equated Anomaly. 
50. Hence the Area A CDP will be equal to the 
Sector DS M, and therefore proportional to the Proſ- 
thapherefis; and conſequently where this Area is biggeſt, 
there the Proſthaphereſis or Equation will be greateſt, 
or a Maximum; which evidently happens when the 
Planet arrives at E, where the Ellipſe and the Circle 
cut each other. For when the Planet deſcends farther 
to R, the Equation becomes proportional to the Diffe- 
rence of the Areas ACE and m E R, or to the Area 
GBR m; for when the Planet is at R, let the Point 
be at V, and the Sector CS V will be equal to the el- 


liptic Area A S R, that is, ACE+CERS=CERS 


MER 


eie wt re e mM twuwno mas we mw i. ec. 


S . 28 rns „ =. 


8 a 
8 Ss OS 
i koi 2 * 


nmER+msSV; conſeque ntly ACE — „E — * 
51, In the Perihelion the equal Motion and the true 
Motion of the Planet coincide, becauſe the Semicircle 
CEG and Semi-cllipſe A E B are equal, and are de- 
ſcribed in the ſame Time. As the Planet deſcended 
from the Apbelium A to the Peribelium B, its Motion 
was: ſlower, or leſs than the mean Motion; in which 
Caſe the Equation or Proſtbaphæreſis is to be ſaubtraa 
from the mean Motion; to get the true Motion and 

52. But during the Aſcent of the Planet from the 

Perihelium B to the Aphelium A, its Motion will be 
quicker than the mean Motion, as might be ſhetyn in 
the ſame Manner as above. In A the Veloeity is leaſt 
of all, and in B greateſt, as we have ſhewn; and in E 
it is equat to the mean Velocity in the Cirele. For 
when the Planet is in E, let the Point be in m, and let the 
Area E S n and Sector m S7 be deſcribed in the ſame in- 
finitely ſmall Particle of Time, and therefore equal to 
each other; for EþXSn=(EbXSE=) mi X mS; 
but SE = mS, therefore Eb N; therefore the an- 

ular Velocity E S 5 at E is equal to the angular Ve- 
R 8 i, which is the mean Velocity. 

53. In order therefore to find the equated or true 

Anomaly from the Mean, we are to find the Poſition of 

a Line 8 P that ſhall cut off the elliptic Area AS P, to 
which the whole Area of the Ellipfe has the fattie Pro- 
portion as the whole Periodical Time of the Planet has 
to the Time given in which the elliptic Sector was de- 


ſeribed. Or if AQB be a Semicircle deſcribed'on the Pl.LVII. 


longer Axis of the Ellipſe, we muſt draw from 8 the Fi 
Line SQ, which ſhall cut off the Area ASQ, to 
which-the Area of the whole Circle is in the 
mentioned Ratio; for then a' Perpendicular Q H will 
cut the Ellipſe in P, ſo that the Line PS being drawn, 
the elliptic Area A $'P will be to the Sector {SS Sug 
the NBER of the Ellipſe to that of the Circle, as 
is ſhewn. | 


Ellipfe' or Cirele in this Proportian 


= 1 — 
L =" 
* , 1 4 ; 2 
. " * 3 x 
* . wihs * 5 


was the famous Problem long ſince propoſed by Kepler, 
which is ſolved as * Upon QC, produced if 


required, 


ASTRONOMY. 


required, let fall the Perpendicular 8 F; the Area ASQ. 
is equal to the Sector A CQ and the Triangle QIC, TY. 
chat is, equal to ; QCXAQ+3QCXSF;: and fl ( 
becauſe 3 Q C is a conſtant Quantity, the Area AS £4 
will be proportional to A QS F. Hence if we take 
the Arch Ng SF, we have the Arch A N propor- Ns 
tional to the Lime or mean Anomaly of the Planet; W 
which we can: ally: find by having) _ true Anomaly | 
ven. pA 207 #23 
« 55. For Example; in che Orbit of Mario! have 
QC: SC :: 152369 : 14100 ; and becauſe the-Length 
of an Arch equal to Radius i is 57% 29578, ſay, 
As the Radius QC=152369=5.182985 
Is to the Eccentricity 8 C= 14100 4.149219 
4 80 nd Len of che Arch 57 2993882 1-758078 


2 * * 2222 — 


585 the Length df, an Arch B, * 7302 er p 


| Then ws 55 ä 5 


As Radius dc. 5 , * dE 
Is to the Sine SF of the Angle : | 
 _ S$CF=ACYQ, which 22225 3 698970 


80 is the Length of the Arch B = 8, 302580. 24312 


2—— 


To that of the Ts QN= =SF = = 2 651: =0,423282 


56. Therefore AQ+QN= 30% 25 691 22:22 
39 3”. Thus from the eccentric Anomaly 'A'C Q. we 
gain the mean Anomaly A Q+QN=4AN; which 
is proportional to the Time; and the Revere of this, 
viz. from the mean Anomaly A N given, to find the 

eccentrie Anomaly AC Q, is to be done by the Me- 
thod of Infinite e as follows. Lese Aren NQ /. 
tte Sine of the Arch AN be e, the Co- ſine , and 
mp pu rn SCS g. The Sine of the Arch AQ 
the fine © to the Sine of the Arch ANN Q, equal to 

e of the Arch AN-, which Sine is — 4 en- 


preſſed by. a Com. Series, . f 


244. #3; * wy" 12553 | 
. ASSN ©; 
ET 7 7 e. as Dr. Keill has ſhewn in his F 
me 17. 2 EIN 1216 OP) 3554 | $9 6 fi; r 5 


80 * t + : N . * N b be | £4 ! + 
« v . * 


11 1 


- Ga” Cd nb. > 
* 


7 n 
o 


r , ob de at Cones 


f |= hn 
- 8 


I 


As ＋ RON O M x. 


37. Call that Series 5, then Radius (1) : Sine of A Q 
(9::SC(s):SF =(3)NQ; therefore y=g'5=gt 


rer C „%„%„CC G 
... . 


| 26 1.2 1.2. 2 . 5 1.2.3.4 2 


4 


| 3 : 1 Eo ER 4 ke i-t21s « 1 
we Fave ge N 1 1 


4.2.3 f 4 


1 — Lc | 
Te. Let g. 2, e =b £1 =, 


323 1.2. 3 8 
3 


„ „ 2 442. 5a — 5 ＋ 4827 9 


Or, by ſublirming the Values of ö and 4, 5 x — 
2% A eee ; x23 6 acti 
58. But if the Arch A N be greater than go Degrees, 


and leſs than 270, thenge _ 2 5 


e 
is 


— —— — ＋＋ 1 2 Sc. This Series expreſſes the 


a 0, | | | | 
Arch: QN in Parts, whereof the Radius contains 
100000 z but to have it in Degrees and Parts of a De- 
75 ſays As Radius (1) is to this Series (5), ſo is he 
adial Arch 575 29578 (R) toQN =y in Degrees; 


7 Cc 
that is, y=s5R==z”z=—=—z+.—y, e.. 
l a 2643 + . 


* * 


8 59. Now the very firſt Term of this Series ais 


fufficient to determine the Anomaly of the Eccentricity 
in almoſt all the Planets nearly enough; for in: the 


Earth's Orbit, where CQ: CS:: 1: 0,01691, the 


Error is only a 10000 Part of a Degree. For Example, 
CCC A T7: 5 
a M 2 N Then 


163 


1 and the Equation will become z =ay+ 


; ICT £4 L £% © . 33 : 4 =p 53 T 2 . | 


\ 


16 


| 3 1 30 — 287 38” = =209% 31 


= > T K ON OM V. 
The Lag. of che Eccentricity CS=g=. 8.228 TY 


Then TheLog.oftheSine of AN =e=30*= 9.698975 


TheLog of en 729 5 2 1.75 8122 


The Sum i is the. Log. g e X R, or Rz = 9.685236 
* the * of 2 ITC = 0.006314 


Rz e 
There remains the ras of Df 0,4774 9.678925 


But o, 4774 Parts an are equal to 287 38”; 
22 

Qor An le AC Q, the eccentric Anomaly, In 

— ER leQCS, having two Sides Q C — CS, 

and the included Angle given, we find the. Angle 
CSQ=29%3'7 

' 60, Now making 2C S—=SH Radius, we have 

QH-: PH (:: CE (= AC) : CD) :: Tangent of AS 

Q: ＋ angent of ASP = 29 2/ 54”, the equated or go- 

equated Anomaly required, And that this is ſufficiently 

near the Truth, let us ſee the Value of the ſecond Tarn | 


i R 23 
of the Series, viz. re 5 
7 T us, the Logarthm of ==. 7.920890 
. erh © pat Law la I „ 


* 


T be Produg is ne of I b 
Add the Lorin of = 1 == erte 


8 


— 


— 


— 


* N * * 


co At 


The 1 the ſecond Term 3 = 3419402 
To which Logarithm anſwers the Number g. oo, 


vr a ITESEEE Part of a Degree; too ſmall. to he ro- 


* * - IN * 


ex _— 


F r. 


As oN O v. 


expreſs d by the outmoſt Circle of nhe 
Scheme (CXLI.) | 


Tp. 


garded. And in the Orbit of Mars fad Mercury the 


two firſt Terms Rx 2 will determine the Value 


of y to more than any neceſſary Danes of Exactneſs. 
(CXLI ) 1. The OxRERyY (though a modern Name) 


| has ſomewhat of Obſcurity in reſpect of its Otigin, or 


Etymology ;.. ſome Perſons deriving it from a Greek 
Word which imports to /ee or view, becauſe in it the 


Motions: of the heavenly Bodies are all repreſented to 


the View, or made evident by Inſpection: but others 
ſay that Sir Richard Steele firſt gave this Name to an In- 
ſtrument of this Sort, which was made by Mr. Rowley 
for the late Earl of Orrery, and ſhew'd only the Move- 
ment of one or two of the Heavenly Bodies. From 
hence many People have imagined that this Machine 
owed its Invention to that Noble Lord. 

2. But the Invention of ſuch Machines as we now 
call URRERIEs, and PLANETARIUMs, is of a much 
earlier Date. The firſt we have any Mention of is that 
of Archimedes, generally called Archimedes's SPHERE ; 
though it was more than what we now-a-days call a 
SPHERE, Which is an Inſtrument conſiſting only of large 
and ſmall Circles artfully put together ; but this famous 
Machine of Archimedes was of a more complex Nature, 
and conſiſted of a Sphere, not of Circles, but of an 
hollow globular Surface of Glaſs, within which was a 
Piece of Mechaniſm to exhibit the Motions of the 
Moon, the Sun, and the Five Planets. This Cicero af- ; 
ſerts in his Tuſculan Quęſtions. 

3. But the moſt copious and accurate Deſcription of 
this Sphere is that of Claudian, in Latin V. 1 2 Tm 
the Poet fings: - 

Jupiter in parvo c cum cerneret indo vine, 

Rift, & ad Superos talia dicta dedit. 
| Huceine, mortalis progreſſa. potentia cure 7 

e n. in frorili luditur orbe laber. "TIL: 
M 3 5 : 5 Tux f 


) 3 % 
N . 


* 
a 
\ 
* 66 
q 
N ft 
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As TR ONO MY. 
Tur principal Uſe of the Orrery is to 


render the Theory of the Earth and the 


Jura poli, rerumque ſidem, legeſaue Deorum, 
Ecce Syracuſzus tranſtulit arte ſenex, | 
Incluſus variis famulatur ſpiritus aſtris, 
Et vivum certis motibus urget opus. 
Percurrit proprium mentitus Signifer annum, 
Et ſimulata nouo Cynthia menſe redit. 
Jamgue ſuum volvens audax induſtria mundum 


++ + Gauda, & humand ſiaera mente regit. 


\ 


mula Nature parva reperta f 


- 66 


- Quid falſe inſontem tonitru Salmanea miror © 

4. This Machine appears from hence to have been 
ſufficiently grand and univerſal, as comprehending all 
the Heavenly Bodies, and exhibiting all their proper 
Motions ; which is all that can be ſaid of our common 
modern Orreries. *Tis true, this Orrery of Archimedes 
was contrived to repreſent the Ptolemarc Syſtem ; but 
the Mechaniſm and Nature of the Inſtrument is the 
ſame, whether the Syſtem of Ptol:my or Copernicus, ot 
any other be repreſented by it. ; TOS Wt 

5. The next Orrery we have any Mention of is that 
of Poſidonius the Steic, in Cicero's Time, 80 Years be- 


fore our Saviour's Birth: Concerning which the Orator, 


in his Book De Nat. Deorum, has the following Paſ- 


| ſage.— Quid ſi in Scythiam, aut in Britanniam, Spharam 
aliguis tultrit hanc, quam nuper familiaris nofler effect 


Paſidinius, cujus ſingulæ conver ſiones idem efficiunt in Sole, 
& im Luna, & in quinque Stellis errantibus, quod efficitur 


in Cœlo ſwigulis diebus & noctibus; quis in illa barbarie 
dubitet, quin ea Sphæra ſit perfecta Ratione? That is, 


„ If any Man ſhould carry this Sphere of Pofidonius 
te into Scythia or Britain, in every Revolution of which 
the Motions of the Sun, Moon, and Five Planer 


were. the ſame as in the Heavens each Day and Night, 


* who in thoſe barbarous Countries could doubt of its 


„ ſon?” What can be a more genuine Accaqunt of a 


compleat Orrery than thi And, by the way, what 
' Would Cicero ſay, were he now to riſe from the Grave, 


- - Moon, 


ce being finiſhed (not to ſay actuated) by perfe& Rea- 


to 


ne 


. 233 45 ww —⏑ % Y CC 
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Moon, ealy and intelligible; and to evidence 


mical Way particularly is the ſtately Clock in his Ma- 
jeſty's Palace at Hæmpion · Court, made in Henry the 
Eighth's Time, A. D. 1540, by oue N. O. This 


Motions of the Sun, Moon, Planets, and Fix'd Stars, 
Fc. It was finiſhed in the Year 1574, and is much 
| ſuperior to that pompous Clock at Dns, Which alſo 


. 


® 4 - 
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to our Senſes how all thoſe Appearances 


and ſee his Barbarous Britain abounding in Orreries of 
various Kinds and Sizes? Po WP 
6. From this Time we hear no more of Orreries 


and Spheres, till about 510 Years after Chris, when 
the famous Severinus Boethius, the Chriftian (though _ 
Roman) Philoſopher, is ſaid to have contrived one which 
Theodaric King of the Goth, wrote to him about, and 
deſired it for his Brother-in-Law Gundibald King of Bur- 
gundy; in which Letter he calls it MHachinam Mundo 
gravidam, — Cœlum geſlabile,. — Rerum Compendium; that 
is, a Machine pregnant with the Univerſe, —a portable 
Heaven, —a Compendium of all Things. What more can 
be ſaid of our Orreries? | T 
J. After this ſuccecded a long Interval of Barbarifm 
and Ignorance, which ſo deluged the Literary World, 
that we find no Inſtances of Mechaniſm of any Note 
till the Sixteenth Century, when the Sciences began 
again to revive, and the Mechanical Arts to flouriſh. 
Accordingly we meet with many Pieces of curious 
Workmanſhip about this Time; and in the Aſtrono- 


ſhews not only the Hour of the Day, but the Motion 
of the Sun and the Moon through all the Signs of the 
Zodiac, with other Matters depending thereon ; and is 
therefore to be eſteemed a Piece of Orrery-Work. 

8. Such another is mentioned by Heylin at the Ca- 
thedral of Lunden in Denmark.; but the moſt conſide- 
rable at this Time is that Piece of Clock-work in the 
Cathedral of Straſburg in Alſace ; in which, beſides the 
Clock-Part, is the Celeſtial Globe or Sphere, with the 


contains an Orrery- Part. Ms 1 
9. About the Beginning of the Seventeenth Century 
this Sort of Mechaniſm began to be greatly in Vogue, 


Ms: happen, 


: * 
« 
. 1 8 A % 
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happen, which 72 on the annual or di- 
urnal Rotation of the Earth, and the monthly 


* 


and Spheres and Orreries were now no uncommon 
Things; though Orreries bore an exceſſive Price till 
very lately. The firſt large one made in London by 
Mr. Rowley was purchaſed by King George I. at the 
Price of 1000 Guineas; nor has any of that large 
Sort, which contains all the Movements of Primaries 
and Secondaries, been ſold for Jeſs than 300 J. at any 
Time ſince, 2» 


* 


10. There have been various Forms invented for this 


noble Inſtrument, two of which have principally ob- 
tain'd, viz. the H:miſpherical Orrery, and the Whole 
Sphere ; though the Orrery at firſt was made without 
any Sphere, and with only the Sun and the Earth and 
rn about it ; but this was too imperfect 3 

tate, and they ſoon began to inveſt it, ſome with a 
Half-Sphere, ſome with a Whale or Compleat Sphere ; for 


'otherwiſe it could not be an adequate Repreſentation of 
the Solar Syſtem. 25 


11. The Hemiſpherical Orrery has been made in 
greater Numbers than any other, on account of theit 
being made much cheaper and eaſier than thoſe in a 
Sphere of the ſame Size ; there being a vaſt Difference 
between placing an Hemiſphere on the Box of an Orrery, 
and diſp1/ing an Orrery in a large moveable Sphere. But 
then the Idea given us by the former is very unnatural 
and imperfect; and tis ſurprizing to think they ſhould 
have ſuch a Run as they had, Mr. Wright having made 


| between fotty and fifty of that Sort ſince the Death of 


Mr. Rewlcy his Maſter. And though incline to think 
few more of that Form will be made, yet as they have 
had ſo great a Name, I have thought proper to give 


the Reader a View of one in a Print. | 


12. This ill-judged and erroneous Form of an Orrery 
had this Effect with thoſe who knew the Nature of ſuch 
Machines very well, that ſome applied themſelves to 
donſtruct Orreries in a Compleat Sphere, others invented 


| ſuch Inſtruments as ſerved to exhibit the Motions of 


Revolutions 


ASTRONOMY. 


Revolutions of the Moon : As, the Variety 
of Seaſons, the Viciſſitudes and various 


the Heavenly Bodies 8 which they ang 
call'd' PLANETARIUMS,, LuNAR1UMs, Sc. and others 


declared againſt all Orreries in general, as giving falſe _ 
Ideas of the Syſtem' of the World, eſpecially as the 


Magnitudes and Diſtances of the Heavenly Bodies 

could not be repreſented by them in their 1 Pro- 
portions. _ 

13. But they muſt be ſuppoſed to 1 very w 

who object an inconſiderable Deficiency in any Inſtru- 
ment, againſt its moſt important Uſes.” No one — 
decried an Air-Pump, becauſe an abſolute Vacuum wis 
impoffible by it; or the Uſe of a Teleſcope, becauſe we 
cannot ſee the Inhabitants of the Planets. And on the 
other hand, to repreſent the Solar Syſtem by Parts, or 
in a piece · meal Manner, is little leſs than mangling one 


of the moſt noble and uniform Parts of Natural Philo- 


2 The Planetarian Scheme therefore. of Die De 


ſaguliers ſoon became extinct. 


14. An Orrery then, adapted to an Armillary Spherd, 
is the only Machine that can exhibit a juſt Idea of the 


true Syſtem of the World, with the diurnal and annual 


Motions of the Heavenly Bodies; and none but an 
Orrery of this Kind can do that: Yea furthermore, ſuch 
an Orrery is capable of exhibiting the third Motion of 


the Earth, by means of the Armillary Sphere; I mean 


that Motion of the Earth by which the Poles of the 


World revolve about the Poles of the Ecliptic, and oc- ' 


caſions what is commonly called the Preceſſion of the 
Equinoxer, or more properly the R. trogreſſion of the 
Earth's Nodes. 

15. That the Reader may have a proper Iden of this 


third Motion of the Earth and its Axis, I ſhall explain 


it as follows. Let DCH be a Part of the Earth 's Of= Plate 
bit, C its Centre, E C the Axis of the Nope, E its L XIV. 
pole, CP the Axis of the Earth, P its Pole; hrough Fig. 1. 


the Points E and P draw the great Circle E FA; wines 
ing the Ecliptic A L in A ; the Arch PA meaſures te the 
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Lengths of Days and Nights, the Manner 
of Solar and Lunar Eclipſes, the various 


P haſes of the Moon, Sc. 85 3 


Inclination of the Axis of the Earth to the Plane of the 
Ecliptic, viz, the Angle PC H, which is found by Ob- 
ſervation to be about 66? 307, and therefore its Com- 
plemental Arch EP or the Angle PCE = 23˙ 300 
16. Through the Pole P from the Point E deſcribe a 
leſſer Circle PF G, which will be parallel to the Eclip- 
- tic; then if the Axis of the Earth be directed at any 
particular Time to P it is found by Obſervations of 
many Years, that it will not be conſtantly directed to 
the Point P in the Heavens, but will in 72 Vears time 
de directed to ſome other Point Q, ſo that the Arch 
PQI Degree; and therefore in the Space of 360 & 
72 = 25920 Years, the Point P or Pole of the World 
will deſcribe the Circle PFG about the Pole of the 
Ecliptic E, which Revolution is call'd the Great Tear. 
17. The Cauſe of this Conical Motion of the Earth's 
Axis was unknown to all the Aſtronomers and Philoſo- 
phers before Sir /aac Newton's Time, none of them 
being able to gueſs from whence it could proceed: But 
this divine Geometer ſoon inveſtigated the Cauſe theres 
of, and demonſtrated it to reſult from the Laws of Mo- 
tion and Gravity, that is, from the Spheroidical Figure 
of the Earth; for were the Earth a perfect Globe, its 
Axis would always remain parallel to itſelr, and have 
no fuch Motion. See the Principia. _ 
18. From this Motion of the Earth's Axis follow 
ſeveral remarkable Phænomena; as Firſt, a conſſant 
Change of the Pole- Star; for tis evident, if any Star 
mould chance to coincide with the Pole P at any time, 
it will after 72 Years be left at the Diſtance QP, or 


one Degree Weſtward, and the Star at Qbecomes then 


the North Pole - Star. 


19, Seconaly, The preſent Polar Star will in time 


be on the South Part of our Meridian; that is, the Star, 
which ſuppoſe at preſent at P, will after 12960 Vears 
de at G, which being 47 Degrees (in the Arch of a 
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ASTRONOMY, 
In my Orrery, which is of a peculiar. 


and moſt elegant Structure, the Earth in 


great Circle) diſtant from P, will be on the South Part 
of the Meridian of London, which ſuppoſe on the Earth's 
Surface at h, For if T R be the Equator, then the 
Latitude of London T h = 519 30%, and its complement 
hp = 38 300 ; therefore 25 — 55 2 47 — 38 30 = 


8˙ 30 g b, the Diſtance of the preſent North Star to- . 


wards the South at that Time. | 
20. 7h raly, The Citcle EP A paſſing through both 
the Pole of the Ecliptic and Equator, will be the Se 
titial C:lure, and A the Solſtitial Point, when the Axis 
of the Earth points to P ; but after 72 Years, when it 
points to Q, then the great Circle E Q B will be the 
Selſtitial Colure, and B the Solſtice, for the ſame Reaſon. 
And hence alſo the Equine&tal Points (which are always 
90 Degrees diſtant from the S-{ſtices) muſt move in the 
ſame Time through the- ſame Arch, the ſame Way, 
v. 7 L429 | 8 
21. Fourthly, Hence tis evident, all the Points of 
the Ecliptic do move backwards, or Weſtwards, through 
one Degree every 72 Years; which Motion is ſaid to 


be in Antecedentia, and is contrary to the Order of the 
Signs: As the other Motion, by which the Planets are 


carried round the Sun, is ſaid to be in C:nſequentia, or 
according to the Order of the Signs, U. from Aries 
to Taurus 8, G:rmini n, Cc! And this retrograde 


Motion of the EquinoQtial Points is call'd the Receſſion 
F the Equinoxes. © Hens ow” 
22. Fifthly, This Receſſion of the EquinoCtial Points, 


and indeed of the whole Ecliptic, is the Cauſe of the 
flow apparent Motion of the Fixed Stars forwards; for 
lince the ſeyeral Circles of Longitude by which they are 


referr'd to the Ecliptic are continually ſbifting back- 


wards, the Stars, which are immoveable, muft with 
reſpet to thoſe Circles have their Diſtance, that is, 
their Longitude, conſtantly increaſing from the firſt 
Point of Aries, Thus all the Conſtellations do conti- 


nually change their Places at the Rate aforeſaid : The * 


its 


. 
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its . Motion paſſes round by a Circle, 
on which is engraved a Calendar, and the 
Ecliptic ; and the Plate which carries the 
Earth about has an Index on the oppoſite 
Part from the Earth, to ſhew the apparent 
Place of the Sun in the Ecliptic, for every 
Day of the Year; and one Turn of the 
Winch carries the Earth once round its 
Axis, and the ſaid Index over the Space of 
one Day in the Calendar: So that by this 
means the true Place of the Earth, and 
the apparent Place of the Sun, alfo the 
Place and Phaſes of the Moon, may be 
readily ſhewn for any Day required. 

Tux Orrery- Part, containing the bell. 
Work, is placed within a large and moſt 
beautiful AxMILLARY SPHERE, which turns 
about upon its Axis, with a fairly-engraved 
and filver d Horizon, which is alſo move- 
able every way upon a moſt elegant Braſs 
Supporter, with four Legs richly wrought; 
at the Bottom of which is a noble large 
Aver d Plate, with Aa Box and NzzDLE, 


bright Star of Aries, for age which in Hipparchus' $ 

ime was near the Vernal Equinox, is now removed 
near 4 whole Sign or 30 Eaſtward, and is in the Be- 
Einning of Taurus &, and Taurus is got into Gemini u; 
and thus all the Conſtellations of the Zodiac have 


changed their Places, and PROck different 1 from 
what they formerly did. | 


and 


SY” TY > © oe :!!! > EE Oe 


. In this Circle the Longitude of 


As TrRONOMY. | 
and ComPass, with the Names of all 


the Points finely engraven in Words at 
Length. The Circles of the worn are as 


follow. ">. 
Tae Bapwoer llt, which Avides "th ie 


Sphere into two Parts, vis. the Nortberm 
and the Southern Hemiſphere ; any is ſo call's; 
becauſe when the Sun comes to paſs over 
it, (as it does twice every Vear) the Day 
and Nights wot then equal. This Circle is 
divided into 360 Degrees, call'd the Wg 
Aſcenſion of the Sun or Stars. 

Tux Eclir ric is that great Cirele which 
repreſents the apparent annual Path'of the 
Sun through the Heavens. It is divided 
into 12 equal Parts call'd Signs, conſiſting 
of 30 Degrees each ; whoſe Names and 
Characters are as ee 1. Artes, the 
Ram, ; 2. Taurus, the Bull, z; 3. Ge- 


mini, the Twins, n; 4. Cancer, the Crab, =; 


5. Leo, the Lion, & ; 6. Virgo, the Vir- 
gin, m 7. Libra, the Scales, &; 8. Scorpio, 


the Scorpion, m; 9. Sagittarius, the Bow= 


man, f; 10. ede the horned Goat, ; 


11. Aquarius, the Waterer, =; 12. Piſces, 
the Fiſhes, x. The Ecliptic interſects the 
Eguinoctial \ in the Beginning of Aries and 


Libra, in an Angle of 23 Degrees, 29 


the 


3 
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AS TRONOM 5 
0 heavenly. Bodies is reckon' d. The 


Ecliptic is the Middle of 


TRE ZobpiAc, which is a broad filverq 


Zone, encompaſſing the Sphere to five De- 
gtees on each Side the Eelipric ; ſo call d 


from the Figures of the ſeveral Ani mali, 
or Conſtellations of | the Signs, with which it is 


' adorned and embelliſhed. This Zone com- 
prehends within it the Paths. or Orbits of 
all the Planets. 
Tun MsRIDIAN is a great Circle paſf 
ing through the Poles, and cutting the 


Eguinoctial at Right Angles; ſo call d, be- 


cauſe when the Sun is upon any Meridian; 
it makes the Meridies, Mid-Day, or Noon, 


to all Places under it. Of theſe there is one 
calld 

TE GENERAL. W "wilt 
which the whole Sphere turns, and upon 
which are engraven the Degrees of Latitude, 


beginning and proceeding each way from 


the EquinoCtial to the Poles, To this 


Circle the Sphere is ſuſpended; and being 
moveable within the Horizon, the Sphere 
may be elevated or rectified for the Lat: tude 7 


of: any Place. 


Fux Hor12on' is that broad filver 4 
Frame, or Circle, which contains the whole 


, moveable every way within it. 
It 


A4 * 1 ON OM . 


It is ſo call d becauſe. it bounds our Sight 
in the Heavens, and divides the Sphere in- 


to the upper and lower Hemiſphere. Upon 
this Circle are curiouſly engraven the Echp- 


ic Signs and the Calendar, for readily find» - 


ing the Sun's Place for any given Day or 
Time. On this Circle is alſo reckons the 

Amplitude of the Sun, &. 

Tur Points where the Ecliptic interſolts 
the Equinoctial are call'd: the E RE 
Points, or EqQuinoxes, becauſe i 'the 
Sun is in them, | the. Days, and Nights — 
equal. As the Sun is in one of them in 
the Spring. it is called the Vernal Equinox ; 
and in the other at ae, it 1s call'd ws 
Autumnal Equinox.” 

Tue Beginning of Cancer a che 
are call'd the Sojfpztzal Points, or the Sox- 
STICES ; which is as much as to. fay, e 
Stations of the Sun, becauſe when the Sun 
is in thoſe Points, he ſeems Hlatienary, or 
not to move for ſome Days: The firſt: 1 1s: the 
Summer, the other the Winter Sofftice.. .; 

Tun Meridians which paſs through the 
Points above-mention'd are calld the Ea. 
noctia! and Solfitial Col uxxs reſpectively. 
They divide the Sphere into four Quarters, - 


in 3 Middle: of the. e on of the 


Tear, Mit 
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- Tar Leſſer Circles of the Sphere are che 3 
Tropics and Pol AR CixcLes; which are 
all parallel to the Equinoctial, and are two 
on either Side. The Northern Tropic is 
«ab of Cancer; the Southern that of Capri. 
corn; as paſſing through the Beginning of 
thoſe Signs. They are diſtant from the 
Equinoctial 23 Degrees, 29 Minutes, and 
include that Space or Part of the Sphere 
Which is call'd the Torrid Zone on the Te- 
reſtrial Globe, becauſe the Sun is at one 
Time or other perpendicular over FI 1 
Part, and extremely torrifies or heats it. 
WITIIN 23 Deg. 29 Min. of each Pole 
lie the Polar Circles; of which that about 
the North Pole is call d the Arctic Circh, 
becauſe of the Conſtellation of the Bear in 
that Part; and the other about the South 
Pole, the Antarctic Circle. They include 
thoſe: Spaces which are calld the Frigi 
Zones, by reaſon of the intenſe Cold which 
reigns in thoſe: Regions the greateſt Purt 
of the Year. Thole Spaces which lie bæ. 


tween the Tropics and Polar Circles, on ö 
Either Side, are call'd the Temperate Zones, * 


joying a mean or eee Doe of Þ 
Heat and Cold. 17 8 1 1 
Tux Circles. 3 are eſſential to the 1 
Sphere ; Wes which there is the Lu- 
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drant of Alis de, for 1 the Height 
of any Luminar) abore-thel 1205 and 
a large and moſt beautiful Horary Cirdle 
md Index, ſhewing the Time correſponding 
to the Motion of the Sphere: Alſo the Hh 
aur Label, for fixing the Sun to its proper 
Place in the Ecliptic. i 
Ir is eaſy to conceive, that the Sun will 
a ays enlighten one Ha Ul of the Earth; and 
that when the Sun 1s in the Equinoctial, 
Circle which terminates the enligten d uhu 
darken'd Hemiſpberes (which is call'd the 
2 of Waumindtioh 1), wit I - the 
Poles of the F | 2 Ad 

«: 


the Axis of the as WII Wed 
of the N ir my 855 : 


43 * 9 id 2 
2 ö 1 WF. 
7 1 A l . 
* ' r 4 4 
* © ods SEEN * ® 
7 2 * — 4 * . * 
11 at ot] k 7 4 
” : þ 7 © o 
* " 00" of ID ” 
” "WE: . ** * . 1 


na OY 


178 


Plate 
| LVIII. 


Day; and that Part in the dark Hemi, . 
the Night, in that Parallel of Latitude. I 


Motion, the Earth moving with its Ax 


in the Courſe of the Revolution of thill 
Earth about the Sun, which will contii 


Or 1 85 as follows (CXLII) 


Perſon who has his Eye on an Orrery, while he heal 


ſubjoin and explain. 


ASTRONOM Y. 
will be the Ne&urnal Arch, or Length 4 
Hence, when the Orrery is put into 


always parallel to itſelf, yet always inclinelf 
to the Plane of the Ecliptic, will fometimal 
havethe Northern Parts turned more direct ij 
to the Sun, and moſt enlighten d; and a 
other Times the Southern Parts will be fe 
Hence various Alterations of Heat and Chi 
and Length of Days and Nights, will enſue 


tute all the Variety of Seaſons, as will mall 
naturally and evidently be ſhewn in A 


| J 


(cxILII. * Though theſe Things are plein to i 


or reads this Account of the Nature and Manner of thi 
Seaſons, and the Variety of Day and Night, yet Ideas 
this Sort are not ſo eaſy to be obtain'd by mere Reading 
and Cogitation only, unleſs aſſiſted by a proper Dia 
gram or Repreſentation ; ; which therefore I ſhall 8 


2. Let · S be the Sun, AB CD the Orbis Magnui, of 
annual Path of the Earth about the Sun. In this Orbit 
the Earth is repreſented in four ſeveral Poſitions, in the 
midſt of the four Seaſons reſpeQively. On the Earth 
are drawn the ſeveral Circles and Lines as follow,” 1 
CQ The Equator. | 4 

OR The Tropic of Cancer. 
P ML. The 05 of — 
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ASTRONOMY. 179 
We wall firſt e ive the Earth Motion in 
the fir Four 5 Libra; the Sun ln 


2 8 

4 5 eee er A lie Grche. 
det 5 The No Potarbr ee \Circle, 
E 8 D The Paraltet off Lan 
NES The Earth's a? 6322 
aCf The Axis of the Keliptie Plane 
3. As the Sun is ſuppoſed ud be at fo great 1 ed 
bat the Rays coming front it d WH 
nearly praſlel, will therefgles Mhinlnage Very nearly 
ane Half of che Globe of the Fürth, abſtracking froth 
the Reff action of the Air. Ami we are Wppoſed to 
view the Earth circulating abit i Sam at a very grea 
Diſtance in the Poſitions Fented br 5 
we ſhall have all the enlighten's Pa tur to the Ey. 
on the Equmoctial Day in the Spring, but on that if 
the Autumn we ſee only the dark Part; as on the Sum 
mer and Winter Solſtices we"! & only half the light an 
dark Hemifpheres © reſpeiy And. .ateordingly th 
2 | thts repreſented in thi Fig 
(a0 I find by Efie ee veſt Way th 
ae an Idea of the 7 0 arid Day and Night, is 

to repreſent the Earth alſd int Politics exhibiricg the 
viſible Hemiſphere equally ned ine the” light uf 
bark Parts, of femicircufat Rte s in che next Plate plate 
and to compare theſe both togerker in che Dy LIX.- 


To begin therefore with the addon af the E 
the Spring and Rutun mn. 8 
5. In Ader of tlieſe Caſes, "is «vide the Sun is in 
the Plane of the Equator Q, and therefore equally 
diftant from each Pole of the World ; confequently the 
Circle of Hhmination will pas through both the Poles, Fig. 2. 
N, S; and therefore every Plate at 15 equal Diſtance 
on either Side will have an equal Degree of che Sun's 
Light and Feat. And as the Earth revolyes upon its 
Axis, re Place muſt deſctibe a Circle parallel to the 
Equatorz one Half. of which will be in the night; the 
other Half in the drt Hetifiſphere ; and as Parts of the 
men, the Day ard Night, it is plain they muſt 
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180 ASTRONOMY. 3 
appear to enter Aries, and this will be the | 
V. ernal Equinox; for now, the Sun * 


then be equal. Thus in = Equator, the Dun A 
Arch QC is equal to the Nocturnal Arch CE; in the ; 
Tropics RO and LM are equal to O T and M P; in 
the Latitude of England the Day EG is equal to "the 2 
Night GD; and 10 1 in all other Parts. I 
6. Hence, by the way. we may obſerve, that bad 
the Sun always moved in the Equator, there could has 
been no Diverſity of Day and Night, and but one Seaſon | 
of the Year for ever to all the Inhabitants of the Earth. 
No Alteration of Heat or Cold, ſo agreeable now both 1 
to the Torrid and the Frozen Zones ; ; but the ſame uni- 
form eternal Round of unvariable Suns had been ol. 
uncomfortable Lot, every way contrary to that Diſpo- 
ſition we find all Mankind form'd with, of being de» 
lighted and charm'd with Variety to an extreme De- 
gree. The Obliquity of the Ecliptic is therefore not 
to be looked upon as a Matter of Chance or Indiſfe 
rency, but an Inſtance of Wiſdom and Defign in the 
adorable Author of Nature, who does nothing in 
vain. ö 
7. If we conſider the Earth moving on its Orbit | 
with its Axis NS always parallel to itſelf, till it comes 
into the Summer Situation, we ſhall there ſee, that by * 
this Paralleliſm of the Axis all the Northern Parts f 
the Earth will be brought towards the Sun, which will 
Pl n in this Caſe be in the Plane of the Northern Tropic, 
LV and his Rays perpendicular upon it, as at R. Ihe 
Pl. LIX. Circle of Illumination a Cf will now be in ſuch a ditt? 
as to include the North Pole and all about it to the Hi: 
tance NA =23* 30'; and on the contrary to &% 
clude the South Pole 8, and Southern Regions to the 
ſame Diſtance 8 f. The Northern Climates muſt there- 4 
fore now have their Summer, and their Southern Ci 
mates their Minter; as will gppear more particularly, if 
we conſider, 42 
8. Firſt, The e fall more perpendicularly a 
* wy N orthern Parallel than upon the ſame Sou f 


2 
= 


Fig. 2 


+ * 


** 1 4 "4 
© & x * . L I 26 
A : : 1 6 « * is As * * 6" W 
* 22222 — 2 EO 2 29 „„ „„ „ es 8 | 1 5 RR EE OE doe 
Z 5 » by ras pr * * = ooo ocoecs ws ouoogabes ———---- — : ns 
F . x 5 . . Amn 2.46 4 ; 4 | IE nth AID. 2 ; 
3 * m Þ 2 9% N ” * 33 p q 
l 7 weng JR 8 e hon n . Z | ; ws — . 
* $ o N . $4 2 * — — — 1 —— p ; ; 
9 * * + * - ** b b, „ na _ x 
r , L Gd 4 K 1 | — 
4 ; Fs 1 , $ , 22 2 — 2 | : 2 
2 55 9 $ SR 3 = 0 i PIN M 
2 2 22 „„ —OSSo—T 28-7: 4 i 
4 k G - 4 . * 
— 3 e, . A ee SEE nile . 
* 2 : - ; * 
; 4 4 . 4 ing ( 
; a ms * 3 ; 4 2 2 ET} Ld, 1 - <4: 9 5 | 
+ ö ; : A 5: £41: he" 
L3 ENG N 3 15 
* f IE. CON 2 2 = 
; 1 3 G IN A ee 4 
> * F "> * .. 2 * OY : : 1 "ITY = a e . 3 4 
$ . a Y_— OD of a. 
18 — — - 282 2 7 wm oY 4 SVs 6 
11 i» — Pd Ys 
. — — — —_ 2 
0 k — nn rar Ae Ye N — = 5 — 
N * owes” l Y - „ 
* 7 *% & 
. . = 3 ” q 
— 7 : % * «4 ? : a 
* 0 i ; 3 * » 
= 3 5 : 
F | 1 ; 
2 ' 2 
4 . _ * - 
4 : £ 5 * 1 
f ö * 8 


* 
2 * 
8 — 
* 


* * 
. 1 >. 
| | 
E . 
\ 7 
1 8 
- N 8 x2 8 1 , F > * 7 
: 2 * : Leſte + : o - 
f | de * "Is ei >= 1 


R 
* 
4 
Ul 

7 

L 


7 
——ũ— — 
\ 
5 
* 
* 
. IF : 5 
N 
* 
os 
U 
o 


1 
* - 
— 3 —7———— — 


"DT % - 
ow. 80 — — 


> EP CIA 


\ 
{ 
* 


n 


— ; 0 . 
_— — — — — —  —  — 
ö 4 * 8 
© Tr” 3 
* if 
* 
1 6k, 


#3. 


4 
a 
* 
4 


1 
; * W 
r oy 3 es 
© 
* 
* 


1 


> ION Fr « I * 8 . on : + 


= 
a 
; 


EE OS. 3 
AB EIT IT 


. . . OE 
9 | 9 222 


; — 9 * N 4 , 5 


7 beg 5 : 8 3 


= by e 
— : Ns X | 


, 


— 
8 
% 
3 


* 
* 


8 2 
- * 
\ * 
\ 
* 


* 


© £ +4 8 — 
——ů — — 2 


—— 


— — — — _ 


« 
— — 


* 


* a 
2 1 "WO ” 3 7» 2 2 8 * * x 1 *y #5 I 
oi Foo tee e 8 —— — — — cn I 1 r ˙ A ⁵ A mw ( , . . r I 


6 N 0 9 * N A * 8 
- : 3 A 25 - a ; wh 2 4 


ASTRONOMY. 6: BM 
l be ae enlighten d om Pele 10 7 


_ — UE II —— — 
1 — a 


parallel, and have therefore a ſhower Paſſage through! 1 

the Atmoſphere. Thus, for-Inftance, in the Parallel © 

of England E, let the Rays 7 E, 4g, be inert 4 

Atmoſphere mn in h and 7 ; then mM their Paſſage h E, 

Ig, be ſhorter than it would be in the ſame Latitude 

Southwards, and therefore will not be ſo much  refracted, 

Hended, and abſorb'd; and conſequent] thely/Efet et 

will be more conſiderable and ſenſible. A ci, as Rays 4 
more perpendicular, the | 20M ftrike with a greater 1 

orce; alſo the more wil en a given Space; on 

both which Accounts their fekt, in reſpect of Light 

and Heat, will be greater. 

9. Secondly, As the Earth revolves about its! Axis, 

every Place in North Latitude will deſcribe a greater 

Part of -its Parallel in the enlighten'd than in the dark 

Hemiſphere ; or, in other Words, the Day will be 

longer than the Night. Thus in the Northern Tropic 

the Diurnal Arch is RV, the Nodturnal Y T, Which 

is leſs than the other by the Difference Y O. Again, 

in the Parallel of London the Length of Day is ſnhewn 

by the Arch EZ, of the Night by Z D, which is ſhorter 

dat the Day by the Difference G Z. And laſtly, at 

the Polar Circle c b a it is all Day, no Part of that Pa- 

rale! lying within the dark Hemiſphere a E f. On 

which Account it is evident the Light and Heat of the 

Suh is greater in any Place of North Latitude now than 

at any other Time of the Year. It is therefore now 

the Midſt of the Summer Seaſon in all the enen 

Climates. 

10. In the 88 part of the World Ih is Winters. 

7M the ſame Reaſons reverſed, viz. becauſe the Sun's 

Rays fall more obliquely there they therefore paſs 

through a greater Quantity of the Atmoſphere, on which 

Account they are more refracted, blunted, and ſtifled, 

and their Effect weaken'd. Alſo a leſs Quantity of the 

Solar Rays will fall on. a given Space, and each Ray 3 

ct with a leſs Force, and. OY the TDutatieh of 5 


3 "Pole, 


Bo ? 
5 
1 8 2 

> : 


late 


LVHL. 


or the Day will be ſhorter. than the 


\ 
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bis 40 all the Parallels of Latitude di- 


| vided into two equal Parts by the Circle of 


their Preſence will be ſhorter than that of their Abſence, 
ight; as in t 
Southern Tropic the Day is LX, but the Night X P, 


longer by the Difference MX; which Difference 1 


ſtill greater the farther you go, 'til you come to the 
Antarctic Circle de f where there is no Day at all, and 
all within to the South Pole 8 is involved in Night, of 
greater or leſs Duration. 

* II. For the ſame Reaſons, when the Earth arrives 
to the oppoſite Part of its Orbit, it will be SUMMER 
to all the Southern Climates, and WINTER in the 
Northern. It is evident this muſt neceſſarily happen by 
the ParalleJiſm of the Earth's Axis, and the Change of 


PI. L. X. her Place in the Orbit: By which means the Sun now 


Fig. 3. 


Pl LX. 
Fig. : 


illumines that. very Half of the Globe which in the 
other Poſition was dark ; and whence it follows, that 
in all North-Latitudes the Length of the Days now are 
equal to the Length of the Niphts then, and'vice verſa 
in South 88 Thus the Day (in the Parallel of 


England) EZ =D Z, the Night in he Summer Seaſon; - 


and the Night now, .. ZD=ZE, the Day at that 
Time. All which Things are. too plain from the 
Schemes to want farther Explication. 

12. Thus the Viciſſitudes and Variety of the Seaſons 
and of the Day and Night, appear in general ; but to 
exhibit the ſame in an eſpecial Manner for any particu- 


lar Place, as London,” another Scheme is neceſlary, 


wherein the Sphere ſhall have the ſame Poſition with 
reſpect to that Place, as the Earth itſelf has. Thus let 
EN Qs be the Earth; Z will be the higheſt Po nt, 


or Place of London; HO the Horizon, and N the 


loweſt Point of Antipodes; and & Q the Equator, TR 


and PL the two TOES ac and df the two Polar 


e as before. 3 


Then when the Sun is in "Th Plane 5 the By ua- 
of at e, the Semi- diurnal Arch, or half the 2 5 of 
the Day, will be repreſented by C; and chat of the 

* by C D which is equal to the former. In this 


uminati on. 


6 11 


2 495 — „„ 1 F 


3 „ „„ A © © 
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Ilamination. Hence the Days and Nights 


will be equal, and the Sun's Heat is now 


Caſe the Angle Cb, which meaſures the Aliitude of 
the Sun above the Horizon 50, is 380 300 =be. - 7] 
14. Again: When che Sun is in the Tropic T R, 
and conſequently neareſt to the Zenith of London, the 
Semi-diurnal Fs is then TI, which is longer than the 


former in the Proportion of the Right Angle NC 


6 Hours, to the obtufe Angle - NF = 8 Hours 16 


Minutes; NES being an Hour-Circle drawn through 


the Point I, and interſecting the Equator in E. The 
Semi-nofturna] Arch is I R, and equal in Time to the 
Angle EN Q = 3 Hours 44 Minutes, the Complement 
of the other to 12 Hours. 

15. Laftly: When the Sun appears in the Southern 
Tropic at P, and moſt remdte from the Zenith of Lon- 
dm, the Semi-diurnal Arch is then P K, equal to the 

Angle AND = 3 Hours 44 Minutes nearly, _ to 

the Night when the Sun was in the other Tropic ; 
the Semi- nocturnal Arch K L at this Time is evidedly 


equal to the Semi-diurnal Arch T at the oppoſite Time 
the Year. 


16. Whenever the Sun comes upon the Line NS, 


repreſenting the Hour-Circle of Six, it is then Six o'Clock, 


as at X in the Summer Tropic, before Sun-ſet at I; and 


at B in the Winter Tropic, after Sun-ſet at K. Alfo 
when the Sun comes upon the Line Z CN, (which re- 
preſents the Prime Vertical, or Azimuth of Eaſt and IWe;t) 


it is then due Eaſt and Wit, which happens at Y in the 5 


Northern Tropic, after Six i in the M orning, and before 
Six in the Afternoon, ang vice verſa at W in the Saw. 
Tropic 

„ found by Obſervation, that the Air is not 
abſolutely dark, tu} x Sun is depreſs'd about 18 De- 
grees below the Horizon, v:z. at i, that is, till the 
Angle bCi=18*=HM; and drawing M V parallel 
to the Horizon H O, it will 2 the Circle at oh 


the Cre Pane or Twilight, s and ends, in the 
where it cuts the Parallels of the Sun's 


ſeveral 
Declination, as at G in the Tropic! P Ip; and at F in 


N 4 "6 
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at a Mean between the greateſt and the 


leaſt: All which Particulars conſtitute that 


1 Equator, But ſince RO = P H = 15 Degrees, the 


Arch OR is leſs than OV, and fo the Tropic TR 


will not touch the Circle MV at all; which ſhews that 


for ſome Time in the Middle of Summer there is 1 
dark Night: And this happens between May 23 and 
Ju y 22. See my SYNOPsIs SCIENTIZ CoELESTIs, 
on a large Imperial Sheet, New-Stile. _ 1 0 
18. Moreover it is evident that CF = K G, becauſe 
PL is parallel to A Q; the Time, however, of de. 
ſcribing CF and K G will not be the ſame; from whence 
it appears there is a certain Parallel in which the Twi- 
light will be the leaſt of all, and another in which it 
will be a Maximum or greateſt, The former is when 
the Sun has 6 97 South Declination, viz. in Libra & 


or Piſces & 17 300, which happens March 7, and 
Other q, in the preſent Age: And 'tis plain the 


Twilight is greateſt of all in the Parallel which touches 
the Point V, on May 23 and July 22, as aforeſaid. 
Note, How the Time of the leaſt Duration of Tui⸗ 


light is inveſtigated may be ſeen in the beſt manner in 


Dr. Gregory's Elements of Aſtronomy; and I would have 
given it here, but that it is very tedious, and in itſelf a 
Matter of little Importance. = | | 

19. It is a Problem of much greater Conſequence 
and Curioſity, to determine the Ratio or Proportion of 


Heat which any Place receives from the Sun in any Day 


of the Year. In Order to this it muſt be conſidered, 


that the Quan iiy of Heat will be as the Time, if we ſup- 
| Poſe the · Sun to have the ſame Altitude; and as the Sine 


of the Altitude, if the Time be the ſame. Therefore if 


neither the Time nor Sine of the Altitude be given, 
_ the Quantity of Heat will be as the Rectangle or Pro- 


duct of bot. 


1 . 


20. Therefore let a= Yine of the Latitude Z; its 
Co- ſine (or Sine of ZN) ; the Sine of NSS c, 
and of irs Complement (or Declination) S DS d; the 
Line of the Hour from Noon (ar Angle A ND) =, 


—- 


agreeable 


As TRONOM v. 35 18 5 
agreeable Seaſon we call. the Spxixe; the 
Middle of which is ſhewn by the Index to 
be the 11th of March, as this Machine was 


made for the Old-Stile, 


its Arch EDS z, and Radius =1 ; then is = Plate 

= Co-ſine of the Angle Z NS, (viz. Sine of the Angle LXIV. 
DNC) and (per Spherics) we have bc V 1—xx + adF's 6. 
dine of the Sun's Altitude 8 B; which multiplied by 

the Fluxion of the Arch of Time = = will produce the 

Fluxion of the Sun's Heat, viz. æ Xx BSV I— 2 had. | 
Or, putting be g, Vi- = b, ad =f, wehaye 1 
the Fluxion of the Heat == X gh + | - 
21. Now to find the Value of z, let AB z, BE pl. LXI. 

its Sine, E C the Co-ſine, and Radius CB; and ſuppoſe Fig. 7. 

FG drawn infinitely near to EB, and BD parallel to 


AC; then ' tis evident from the ſimilar Triangles EBC 
and BD G, That EC: BC: DG: GB, orb: 1 = 


+:z, whence z = 5 wherefore 5 * 2b Þ FSA 2+ 


0 
if 


7 * Fluxion of the Heat, whoſe Fluent is xg A, 


which therefore is as the Quantity of Heat from Noon 

to the given Time, as required. | 
22. From this Theorem we may calculate the Heat 

of any Day in the Year in any given Latitude required; 

| of which I ſhall give the ſeveral following uſeful Ex- - 

1 amples. Let it be required to expre/s the Heat of an 

ol Equine&ial Day under the Equator. In this Caſe the 

Latitude of the Place is Nothing, therefore a= 0; 

conſequently Fx =adz=0o, In'the other remaining 

Part æ g & c, b = 1, C==1; therefore the Heat will 

be as x; and ſince the Semi- diurnal Arch is go Degrees, 

the Heat of the Half Day will be as x = 1, and of the 

whole Day the Heat is as 2, FV 

23. Let the Heat, of an Eguinoctial Day be required for 

the Latitude of 5 1 30%; then becauſe in this Caſe there 

is no Declination of the Sun, 4 = o, and ſo adz = ©, 


As 


er %Y WW = 4 
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As the Earth paſſes on from Weſt to 


Eaſt, through Libra, Scorpio, and Sagitta. 
And fince NS= go, we havec=1 ; and for the Se. 


mi ⸗-diurnal Arch = go, x i alſo; therefore the Heat 


is as 6 = 0,0225 = Co-fine of the Latitude, which for 
the whole Day 1s 1,245, and which is to that under the 


therefore the Heat of an EquinoQial Day at the Poles 


Therefore the Heat of half the Day is 0,6698 ＋ o. 47 
= 1,1486 ; and of the whole Day it is 2,2972, almoſt 


live under the Equator, 


is Nothing. Laſtly, in the Latitude of 60 the Heat 
of ſuch a Day is half that under the Equator, or 1; be- 
cauſe then þ = 7} Radius, or 0,5. 

24. In the next Place, let us calculate the Heat of the 


| Summer Tropical Day. Here we have the Time of * the 


Day 8 Hours 12 Minutes nearly; therefore the Arch of 
the Equator which paſſes the Meridian in that Time is 
123 =.Z. And becauſe when Radius is 1 the Circum- 
ference is 6,28318, therefore ſay, As 360 : 6,28318 : 
_ 6,28318 2 8 


Arch z in the Meaſure of the Radius. Therefore ve 


have 


The Logarithm of 2.= 123 2 2.089905 
The Logarithm of 0,1745 .ͥ g. 241795 
The Logarithm of a = 51* 30” = 9.893544 
The Logarithm of d 23 30“ = 9.600jco 


Total, che Logarithm of a dx o, 6698 = 9.824944 
25. Then for the other Part of the Theorem, viz, 
x b c, we have 3 
The Logarithm of x = 57 oof 9.923591 
The Logarithm of b = 38' 30 9.794149 
The Logarithm of c = 66» 30 = 9.962398 


* 
— — 


Total, the Logarithm of xbc = , 4788 = 9.6801 gl 


/ 


$ 


twice as great as that of the EquinoQial Day with us, 
and greater than the Heat of ſuch a Day to thoſe who 


FIG, 


8 SS A SS 


S ©D ASS 


e. . K. WHO. 5 


AnNa . 


rius, to the Beginning of Capricorn, the 
sun will appear from the Earth to move 


through the oppoſite Signs of the Ecliptic, 


VIZ. Aries Ta aurus, Gemini, to the Begin- 


25. To find the Expreflion of the Winter Tropical 
Day, we have the Semi-diurnal Arch z = 57”, and the 


iſt the ſame as before, Therefore 


The Logarithm of z=57* = 1.755875 
The Logarithm of 0, 1745 =B8.241795 
The Logarithm of a 4 x 9494244 


. 


Total, the Logarithm of atk = 0,3104 = 9. 491914 
Then 2102 = , 4788 — 0, 3104 = 0,1684, and 
ſo 2 X o, 1684 = 0,3368 = Heat of the whole Day, 
es. is almoſt 7 times leſs than that of the Summer 

ropic. 

Ts The Sum of the Heat of the two T copicad Days 
is 2,2972 + 0,3368 = 2,034 ; which is greater than 
the Heat of two Equinoctial Days with us, which ig 
but 2,49. Hence by means of the Obliquity of the 
Ecliptic, we who live beyond the Tropie l have much 
more of the Sun's Heat than we could have enjoy d had 
the Sun moved always in the EquinoRial. And on the 
other hand, it will be found by Calculation, that for 
thoſe who "live between the Tropics and the Equator, 
the Sum of the Heat of any two oppoſite Days of the 
Year is leſs than the Heat of two EquinoCtial Days; 
and therefore the Heat of the whole Year is leſs in the 
preſent Caſe, than it would be from a conſtant Equi- | 
noctial Sun. 

28. Laſtly, let it be required to e the Heat of 
a Polar Day, or that under the Pole, for the Tropical 
Sun. In this Caſe b go, and xg=#$c=0; allo a=1. 
Ne the Heat of any Day under the Pole will be as 

a, or Sine of the Declination, becauſe z is here always 
the ſame, viz. a Semicirle, or 180 Degrees. And un- 
der the Pole the Value of dz is thus expreſſed for the 
Tropical Sun. 


ning 
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the Series we haves 2 = 
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ning of Cancer; during which Time, by 
the inclined Poſition of the Earth's Axis, 


The Lan os. d=2 3 a” = 9.600500 
The Logarithm of * = 180 = 2.255272 
The + center) of ©,01 7 45 = 8.241795 


— 


Total, the Logarithm of dz = 12 0.097767 
The Double of which is 2,504 ; which therefore ex. 
pteſſes the Heat of a Tropical Day under the Pole, 
ich is greater than the Heat of any Day in any 
other Latitude. Hence we ſee the extreme of Heat, 28 
well as of Cold, is found in the ſame Teh, VIZ, under 


the Pole. 
29. It is a Problem of another Sort, To find wh 


the Heat is a Maximum, or greateſt of all, in any given 


Day. 


angle of their Co- ſines. Then (per Spherics, and Inf 


nite Series) we have the Co- ſine of the Hour from 


Noon i —- 22 + = 72, Cc. and the Sine 


of the Sun's Altitude = c — 4 * + ET CE = sz 5 


&c, bY: b, This multiply by a+zis ac Ps cx - 2402 

1,23 TCA AC + 55025 — 555402) 3 
Ge. + ab+zb; which therefore is proportional to the 
Sun's Heat. And this is greateſt when its Fluxion is 
equal to Nothing, viz. c ＋E S - 44 z - ic 2 2＋ 
F002 E 1 ε E, o Then 
dividing by , c+ Daene MO ＋ * 
© 


* —ri04 02), <0; whence - 


oe 


L 1 
E Now ng 


244. 7 5 120 
— fn 1=—= | v=. 3 Ay reverting 


* ri—tXA*, &. 


the 


In order to ſolve this, let the Semi-diurnal Arch 
D a, 2 = Arch of the Hour from Noon, 6 = Rectangle 
of the Sines of Latitude and Declination, and c = Rect- 


= Ar Abb Ire IX Ab 
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the Northern Parts will be gradually turn'd 
towards the Sun, and the Southern Parts 
from it; whence the Sun's Rays will fall more 
and more directly on the former, and paſs 
through a {till leſs Quantity of the Atmo+ 
ſphere 3 but in the Southern Parts, the re- 
rerſe. Alſo in the Northern Parts the 
Arches of the Parallels in the enlighten d 
Hemiſphere will continually increale, and 
thoſe in the dark one decreaſe, ſhewing the 
conſtant Increaſe of the Days, and Decreaſe - 
of the Nights: all which will Bz in their 
greateſt Degree when the Sun is arrived to 
Concer; and therefore that will be the 
Middle of that Seaſon we call SUMMER, in 
Northern Leti ud; Tote in Southern Latte 


30. Ds this nes it will 5 2 to compute 5 
the Value of 2, or the Time from Noon when the Heat 
is greateſt on any given Day. For Example; Let it be 
required for the Day of the Summer Solſtice in the La- 
titude of 5 1 30% when the Declination is 23 300 
Then ſince (by Art. 24, 25.) we have a = 2,146, 
So, 3121, o, 5799, b+c = 0,883, and a=. 


12253 ; therefore ASD 07207. Whenee by 


the three firſt Terms of the Series we” mall hade 2 


rA TTT N A? = O%s62. Therefore "fay; 
As the Circumference 6, 283: 3609 : 227508 45 
nearly. . Whence, by allowin LS? to an Hour, it ap- 
pears that the 09 the TIO YT; the 
the W = 5 


keg; # Three Set m 


the Diurnal Arches begin gradually to de- 


Te tua ns Ws — —— * — — VIPS WS. — — 
. 


and thus produce an Equality of Light and 


the Seaſon call'd Aru, and that Day 


paſs through the oppoſite Signs of Libra, 
Scorpio, Sagittarius. The North Pole is 
now inthe dark Hemiſphere, and the Fyigii 
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tude every thing will be the reverſe, and 
their Seaſon Winter. 


Tu North Frigid Zone is now whouy 


enti ghten'd, and the Pole turned towards 


the Sun as far as poſſible; but now a 
the Eart hmoves on, the North Pole returns, 


creafe, and the Nocturnal to increaſe; and 


of conſequence the Sun's Rays fall more 
and more obliquely, and his Heat 
_ tionally diminiſſies till the Earth comes to 


propor. 
Aries, when the Sun will appear in Libra; 


Heat, of Day and Night, to all Parts of 
the World. This will be the Middle of 


the Autumnal Equinox. 
Bur as the Earth goes on through Artes, 
Taurus, and Gemini, you will ſee the Sun 


Zone is now more and more obſcured theres 
in: All Northern Latitudes continue gradu- 
ally turning from the Sun; and his Rays 
ty on them, 


fall more and more — 
and paſs through a larger. Body of the At- 
moſphere: The no&urnal Arches eontinus 
to increaſe, and the diurnal to decreaſe t 
All n contribute to make the diſmal 


4 dreary 


SJ. OO 
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dreary Seaſon we call WI TER; the Midſt 
whereof is ſhewn by the Sun's entering the 


Derember, — as 10 the W m_- 
be fen. 
LasTLY: As the Barth journeys on 


their Face. The Northern Climes begin to 


lvening Beams of the Sun, whoſe Meri- 
dian Height does now each Day increaſe, 


Nights contract their reſpective Arches; and 
every Thing conſpires to advance the de- 


again to that NA where rt we gave 
it Motion. 


nitudes, where at the fame Time they 


hap- 


have now obſerved for the Northern. 
Thus, when it is Hammer with us, it is 
Winter with them, aud they have their 
Days fhorteſt when ours are longeſt ; and 


ety in the Orrery. 


firſt Scruple of Capricorn on the roth of i 


from thence through Cancer, Leo, and Vir- 


go, the Sun appears to paſs through Capricorn, 
Aquarius, and Piſces; and all Things change 


return, and receive more directly the en- 
the Days now lengthen, and the tedious 


lightful Seaſon of the SyxING, the Midſt 
whereof is ſhewn by the Earth's returning 


pen in Order juſt the reverſe to what we 


vice ver ſa. A which i 16 0 N 
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ALL theſe enen of the Seaſons, 
Sc. are ſhewn as well for the Southern La-. 


Pr 
* i 


TAK 


— 
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Ar the ſame Time the Earth is going 
round the Sun, the Moon is ſeen conſtantly 


circulating round the Earth once in 29 


Days and a half; which Days are num- 


ber d on a filver'd Circle, and ſhewn by an 


Index moving over them. Thus each 
Day of the Moon's Age, and the Phaſi 
proper thereto, are ſhewn for any. required 
Time; and alſo why we ſee always one and 
the ſame Face of the Moon, viz. on Account 
of her turning about her own Axis in the 


ſame Bre oſs takes to revolve about a 


Earth. 

_ Again: By ding a e in the Or: 
rery, and making the Room dark, we ſet 
very naturally how the Sun is eclipſed by 


: the New Moon, and the Shadow paſſing 
over the Diſk of the Earth ; and alſo how 


the Moon, at Full, is eclipſed by paſling 


through the Shadow of the Earth. Here 


alſo we ſee the Manner how Mercury and 


Venus tranſit the Sun's Face in Form of a 
darf round Spot; and alſo why they can 


never appear at a great Diſtance from the 
Sun; and various other ae of the 


- Nike Nature el „ F f 


(oxlm. ) 1. The Dedtrine of. 1 is_ next to 
ä be explain d. The Sun being a luminous Body, vaſtly 


= one: than the: En will gy nn more 


2 > Lg 0 Sv => O 


ANN. a8 
Tux CoMRETARTUNM is a very curious 
Machine, which exhibits an Idea of the 


than one Half of it, and 3 the Earth to projet a 
long conical Shadow, as is repreſented in the Figure, 
where S is the Sun, E the Earth, and H B D its Pl. LX. 
Shadow. e254 1 $67 3 „„ Fl Fig. py 
21. In order to find the Extent or Magnitude of the | 
Earth's Shadow, the Lines being drawn as in the Fi- 
gure, in the Triangle SB M, the outward Angle SDA 
DSB T DBS, the two inward and oppoſite Angles; 
but the firſt, viz. D S B, is that under which the Earth's 
Semidiameter C D appears at the Sun, which is not | 
| ſenſible; therefore D BS, the Semi-Angle of the Cone, | 
is equal to A D S,' which is the Angle under which the _ 1 
Sun's Semidiameter A'S appears at the Earth, which in 12 
its mean Diſtance is 16 Minutes. 
3. Hence we can find the Height of the ſhadowy 
Cone CB; for in the Right-angled Triangle CB D 
there is given the Side CD = 1, and the Angle CBD 
= 16 Minutes; therefore to find the Side C B, fay, 
As the Tangent of CB D = oo 16 = 7.667849 


Is to the Radius 90 oo = 19.c00000 
$0.7 Way: - 05.5:; e e 


Io the Length of the Side CB 214, 8 = 2.332151 
4. The Height of the Earth's Shadow being at the 
mean Diſtance of the Sun 214, 8 Semidiameters, when 1 
the Sun is at its greateſt Diſtance it will make CBA | 1 
217 Semidiameters of the Earth, which is ite greateſt 1 
Height. Hence we ſee the Height of the Shadow is near 
three times as great as the mean Diſtance of the Moon, = 
or 60 Semidiameters: But che Height of the. terreſtrial = 
Shadow. falls far ſhort of the Diſtance of Mars, and ip 
therefore can involve no one of the heavenly Bodies but 
S. Aſter the ſame Manner it may be ſhewn that the 
Angle of the Moon's Shadow (and indeed of all Spheres 
whoſe Semidiameters bear no ſenſible Proportion to their 
Diſtance from the Sun) is of the ſame Dimenſions with. 
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IBS or K BS = the apparent Semidiameter of the 


ASTRONOMY. 


Motion or Revolution of a Comet about 


that of the Earth 4 whence thoſe Cones are ſimilar Fi- 
gures, and ſo have their Heights proportional to the 


| ter of the Earth 100 is to the Diameter of the Moon 


28, fo is the: Altitude of the Earth's Shadow 2 14, & to 
the Altitude of the Moon's Shadow GO r of the 
Earth's Semidiameters. The Shadow of the Moon 
therefore will juſt reach the Earth in ker mean Di 


e abe: een N K ogee ;- but in her 
= it will involve a mall Part the 


25 Refdes the Dark Shadow: of ths Moon, Hows : 
err called the Penumbra, or Partial Shadow); 
repreſent which let S be the Sun, T the Barth, D — 


Moon; and let K CF and ABE de two Lines touch- 


ing the oppoſite Limbs of the Sun and Moon; then tis 
evident that CF E B wilt be the dark or abſolute Sha- 


dow of the Moon, in which a Perſon on the Earth's 


Surface between E and E is wholly deprived of the Sun's 
Light. Moreover, Let K BG and ACH be two other 


Lines touching the Sides of the Sun and Moon alter. - 


nately, and interſecting each other in the Point I above 
the Moon. Then will HC BG be the Prmumbra above- 
mentioned, and is the Fru/izm of the Cone GIH; 

for tis evident that a Patt of 'the Sun will be ſeen and 


Part thereof hid to a Spectator on the Earth's Surface 


between Fand H, and E and G; or, in other Words, 


the Sun in thoſe Paris of the Earth will: appear eu 


N r eclipſed- 

7. Fo caleulate the Angle of: che Cone Ii 16, draw 
SB, then in the oblique Triangle B 18, the a__ 
Angle BILD. is equal to both the inward and 


Angles IBS and 18 B; but ISB is that under ich 
the Semidiameter of the Moon appears at the Sun, and 


is therefore: inſenſibly ſmall; whence the Angle BID 


Sun. 9 — the Penumbrat" Cone 


3 A. * 9 


# 0 5 n 1 - gar 9 , x 4 
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Earth's —_ 
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not perform'd i in circular, but very elliptie 
hc ſo in this Inſtrument, a peculiar 


CIB is ; equal and fimilar to the dark Shadow of the 
Moon. 

8. Let us now ſee how much of the Eartre Surface : 
can be at any Time involved in the Moon's dark Sha- 
dow, or the Quantity of the Arch EF. In order ts 
this let us fuppoſe the Sun to be an A „ and the 
Moon in Perigee; and in that Caſe the joht of the 
conical Shadow will be about 61 Semidiameters, and 
the Diftance of the Moon about 56; that is, (in Fig. 4.) pl. LX. 
DK Si, PT e 56, d FEET. Ia this Caſe 
dſo the Half-Angle of the Shadow TK EIS 50”, 

25 being leaſt of all. Therefore ſay, 

As Unity, ot the Side TES S. „5 | 

to the Side KSS =6.698970 x 

0 is Sine of the Semi- angle TRE = 15 50 ?, =7 63238 e 

To Sine of the Angle TEK = 10 10 10% 28. 362208 

Wherefore TEE + TRE =ATE=AE=1%36' 

ind ſo P E 3 100 1907 = 220 Miles Statute Men- 

ure; which is therefore the Diameter of the dark 

hadow on the Earth's Surface when greateſt | 
. After a like Manner you find the Diameter of the 

penumbral Shadow at the Earth, as GEF H, when 

greateſt of all, that is, when the Farth is in Perihelio, 

and the Moon in her Apogee; for then will the Sun's - 

pparent Diameter be equal to 16” 27” = TIG, the 

neareſt Semi- angle of the Cone; and thence we thall 

ind 1 D = 58; Semidiameters of the Earth. In this 

Caſe alſo the Diſtance of the Moon from the Earth is 

DT = 64 Semidiameters. Therefore, As 183 1: 

I 2 1221 Sine of the Angle T IG = 16“ x 

Fine of the An gle 1G N= 2457 427. Bur I'G + 

IIC rie. and fol TG IGN — FIG=z 

35* 25 ;*the double of which is 70 50 =GEFH 

= 4990 Engliſb Miles nearly. 

10. Since an Eclipſe” of the San proceeds from an 
MF: ena of the Moon, tis evident, if the Sun and 
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pl. Lx. 
Fig. 5. 


it will be exactly interpoſed between the Sun and a Sp 
tator on the Earth at V ; and fince the apparent. - A 


of the Moon, it muſt neceſſarily be hid behind the Sun's 


Moon be not in the Plane of the Ecliptic, but incliged 


Time. To illuſtrate this, let AB C DE be a C 
in the Plane of the Ecliptic, deſcribed: at the Diſtance 


AB F, whoſe. Mesſore is the Arch GC. as ba 


greater than the Sum of the apparent Semidiameten Wl 
tbe Sun and Moon then at G, and ſome Diſtance i 


. 


As TRON OM Y. 4 
Contrivance by elliptical W heels is neceſſary 


to effect it; of which we have given A 


Moon were always i in the "FER Plane, there would n ne» 
ceſſarily be an Eclipſe of the Sun every time the M 
came between the Sun and Earth, that is, at every Nay 
Moen. For let X be the Sun T, the Earth, and FBGH 
the Moon's Orbit in the Plane of the Ecliptig then 
when the Moon comes to be at B in the Right Ling 
TX, which! joins the Centres of the Sun and bun 


nitude or Diſk of the duns; is the ſame nearly with 


Diſk at that Time, and ſo eclipſed from the Sight of chef 
SpeCtator z and this muſt be the. Caſe whenever thei 
Moon comes into the ſaid Line or Point B, viz. "ay 
New Moon. 


11. But if (as the Caſe really is) the Orbit of the 


thereto under a certain Angle, there may be a N 
Moon, and yet no Eclipſe of the Sun at the ſame* 


of the Moon's Orbit A G H, and interſecting the lamelt 
in the Points B and D, making an Angle therewith wi 


90 Degrees diſtant from the angular Points or Nu 
S and T7} --- - WE 
12. Now tis evident, if the Arch G C be ſomeß 


3 3 
_. 
: 42 
i 
* } 


G towards B, there may be a New Moon, and yet 10 
Eclipſe of the Sun, becauſe in this Caſe the Diſk of 


Moon G is too much elevated or depreſſed above or be 


| low the apparent Diſk or Face of the Sun C to touch 


it, much leſs to hide or eclipſe any Part thereof 3 as BY 


evident from the te 


13. At a certain Point M in the Moon' 8 Orbit, 6% 
Moon will have a Latitude . to the Sum of hey 
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” | A 8 F RON OM v. 
ſented in this Machine is that which ap- 


Semfidiameters of the Sun and Moon; and therefore 


to a Spectator in the Point Z to touch the Sun only; 


aſl 
Mop | 
each Side) without eclipſing the Sun leſs or more; as 

ſee the Partial Eclipſe at K, and the Total Eclipſe 
e Node itſelf 8B. | - 


ch as it is impoſſible there ſhould happen'a New 


to the Phenomena of an Eclipſe of the Sun as they 


appear to a Spectator on the Earth's Surface, in whoſe 


Zenith the Moon then is, and where there is no Re- 
fraction to alter the true Latitude of the Moon: But 


where the Moon has any Latitude, there the Proceſs 
of calculating the Appearances of a Solar Eclipſe will be 


ſomewhat more complex, on Account of the Variation 
of the Moon's Latitude and Longitude for every different 
Altitude, and conſequently every Moment of the Eclipſe. 

'15 But that I may give a clear Idea of this Affair of 
Refrations, let A BD be the Surface of the Earth, M 
the Moon, S the Sun, ſeen from the Centre of the 
Earth T in the ſame Point of the Heavens with the 
Moon, and conſequently: centrally eclipſed to a Spectator 


at C, in whoſe Zenith the Moon is: But to a SpeQator - - 


any where elſe ſituated, the ſame Phenomenon will not 
happen in the ſame Circumſtances, if at all. Thus a 
SpeQator at B will view the Moon in the Direction of 
the Right Line B MN, and fo her apparent Place in 
the Heavens will be at N, where it is evident her upper 
Limb will but juſt touch the lower Limb of the Sun, 
and ſo will not eclipſe it at all: But to a Spectator any 


l 3 * * — 
wW I Of - Ss FF + | 


as C. | + 4 0 
16. This Arch 8 N in the Heavens is call'd the Pa- 


rallax, or Difference between the true and appurent Place 


* pear d 


ime ie Point is call'd the Ecliptic Limit, in- 


n the Moon is new in that Point, ſhe will appear 
n in any Part between this and the Node D (on 


4. What we have hitherto ſaid has been with regard 


partially eclipſed lefs or more, as you go from B to- 
| Wi — © BS; 7 ( tt NT EE. 


* 


Pl. LXI. 
Fig. 1. 
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8 Were the Object, and therefore when the Moon has 


ASTRONOMY. 


pear'd in che Year 1682, whoſe Period 
is 75 Years and a half, and therefore will 


of the Body at M, and is equal te the Angle 8 MN or 
BM T. Haw this Angle or Parallax is conſtantly 
diminiſhing, as the Phenomenon at M approaches = 
wards the Zenith at E, where it entirely vaniſhes ; but 
increaſes as it approaches the Horizon at G, where i it is 
greateſt of all, and is there call'd the Horizontal: Pa- 
3 which in the Moon amounts to a whale Degree 
as ws ſhewn Annot. CXXXV. 
. It is here obſervable, that the Parallax — 


North Latitude it is diminiſhed, but the South Latitude 
is increaſed, with reſpect to us; and fo the Ecliptic 


Limits are variable in every particular Latitude: But a 


Solar Eclipſe may in an abſolute Manner be beſt repre- 


ſented by a Projection of the Earth's Diſk, and of the 


Section of eng dark and penumbral Shadow of the 


Moon, as they appear (or would appear) to a Specta- 


tor at the Diſtance of the Moon in a Right Line join- 


ing the Centres of the Sun and Earth. 
| 49. In order to this, we are to find the 0. 


| 5 ol the apparent Semidiameters of the Earth, dark Sha- 


Pl. LXI. 
Fig. 2. 


dow, and Penumbra, at the Diſtance of the Moon. As 
to the firſt, viz. the Earth's Semidiameter, it is equal 
to the Moon's herizantal Parallax, as we have ſhewn. 


That of the dar“ Shadow is thus eſtimated: Let C be 
the Centre of the Moon, DB its Diameter, DHB its 


dark Shadow, and K A L the Penumbral Cone. Then 


Jet E F be the Diameter of the Pexumbra at the Earth, 
and I G that of the 2 Shadow, and draw CG and 
CE; then is the Angle CGB=BHC+HCG.. 


and ſo GCH 5 36H that is, the appa- 


N | rent Semidiameter of the dark. Tr Rake is equal to the 


2”) — between the ED Eng the 


d Sun. (See Art. 3 and Fe 
19. In like Manner the Angle CH=DEC + 


| 6 DAC, that is, the apparent demidiameter of the Pe- 


3 — . on of we, app” 
oy 2 e hs : again 


8 


| As TRRNONOM F. 
xd || again, appear in 1758.” By this Piece of 
ii Machinery is ſhewn the unequal Motion of 


or rent Semidiameters of the Moon and Sun. (See Are. 7.) 
ly Now the Semidiameters of the Sun and Moon, and alſo 


o- the Moon's horizontal Parallax, are all ready calculated 
ut for the various Diſtances of the Sun and Moon from 
is the Earth, and for leaſt, mean, and greateſt Eecentri- 
7 cities of the Lunar Orbit, in the Afronomical Tables. 

e, 20. Therefore let A E repreſent a ſmall Portion of 


the antual Orbit, and FH the viſible Path of we Centre fl. LXI. 
of the Lunar Shadows, which will exactiy correſpond * '&* 3. 
to the Poſition of the Moon's Orbit. with reſpe&t to 
the Eeliptic in the Heavens ; and therefore the Point of 
Interſection 8 will be the Node, and the Angle H g E | 
the Angle of Inclination of the Lunar Orbit to the | 
Plane of the Ecliptic, which is about 4 Degrees. = 
21. Hence if EP Qs repreſent" the Diſk of the 
Earth (according to the Orehegraphie Projettion) in the 4 
ſeveral Places 8; B, C, D, whote Semidiameter is | 
made equal to the Number of Minutes in the Moons Wf 
Horizontal Parallax at the Time of the Eclipſe ; and nn 
| if in the Path of the Shadows in the Points 8, R, N, G, 3 
we deſeribe a ſmall Circle whofe Semidiameter is equal  * 
to the Difference between the Semidiameters of the Sun = 
and Moon, that ſhall be the circular Section ef the — 
Moon's dark Shadow at the Diſtanee of the Earth: IF 
(by Aide 18.) Laſtly, if on the fame Centre we de- 
ſcribe a larger Circle, whoſe Semidiameter is equal to | 
the Sum of the Semidiameters of the Sun and Moon, | | 
that ſhall repreſent the Section of the Penumbtal Sa. 
dow, (by Art. 19.) and is here ſhewn by the dotted 3 


))%/„üüüüſ0ͥ0ůĩĩ ⅛ dts ( WO 


232. Here then it is evident, if the Moon, when New, E 
be at the Diſtance 8 G from the Node, the Penumbral =_ 
Shadow will not fall near the Earth's Diſk, and fo 4 
there cannot poſſibly happen any Eclipſe. If the Moon's | 
Diſtance from the Node be equal to & N, then the 42 
| Penntibral Shadow wilt juſt touch the Diſk, and conſe- 
"quently & C dhe Heliptiæ Limit] which may be found | 
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As T RO NO M Y. 
a Comet in every. Part of its Orbit, and 
how fi om thence it moves with a retarded 


as follows. The Line NC, as being the neareſt Dif- 
tance of the Centres of the Shadows and Diſk, is per- 


pendicular to the Path F H, and is equal to TC 


NT = 62/ 10” + 160 52” + 16 23% viz. the Sum of 
the: Moon's Horizontal Parallax, and of the Semidiame- 


ters of the Sun and Moon, all of them when greateſt: 


Alſo the Angle N C, when leaſt, is 5 30'. There- 
fore in the Right-angled Triangle N C, to find the 


Side 8 C, we have the following Analogy. _ 


As the dine of the Angle N 8 S0 8.981 573. 


do is the Logarithm of the Side NC=95',5= 1,9 8000 "x 


go 00” = 10,000000' 


Tothe Logarithm of the Side 8C=996',4= 2.998430 
23. Ihe Ecliptic Limit, therefore, is 996',4 = 16*® 


36, beyond which Diſtance from the Node 8 there can 
be no Eclip | 

be New, the Shadow will fall on ſome Part of the Diſk, 
as at B; where all thoſe Places over which the Shadows 


ſe ; and within that Diſtance, if the Moon 


paſs will ſee the Sun eclipſed, in part only by the dotted 
Penumbral Shadow, but zotally.by the dark Shadow; and 
the Sun will be centrally eclipſed to all thoſe Places over 
which the Centre of the Shadows paſſeth. $4 


224. If the Moon be new in the Node itſelf, then will | 
the Centre of the Shadows paſs aver the Centre of the 


Diſk, as repreſented at 3. In this Caſe if the apparent 
Diameter of the Moon be greater than that, of the Sun, 
the Face of the Sun will be whally obſcured. to all, Parts 


over which the Centre paſſes; but if not, the Sun will 


only be centrally eclipſed, but his Circumference will ap- 


pear a bright Annulus, or luminous Ring, whoſe Width 
will be equal to the Difference of the Diameters of the 
%%% die its wand - © 
ah 25. As the Diſk of the Earth is here prqjected, it 

epreſents the Caſe of an Eclipſe on an ¶̃guinctial Day, 
ſo that A K is the Ecliptic, AE Q. the Equator, & V tbe 


Velocity 


aac ac 1 ² - e 


_— —_— a <a a 
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che Earth's Shadow. be delineated at &, B, C, D, and 


ASTRONOMY. - ew 
Velocity till it arrives at the Apbelion Point, 
where it moves {loweſt of all; and from 


Axis of the Ecliptic, PS the Axis of the Equator or of 
the Earth, P and S the North and South Poles ; beſides 
the Tropics and Polar Circles, here repreſented by Right 
Lines, as in the common Analemma. Ard by thoſe who 
underſtand this Projection, the Diſk. of the Earth and 
the Paſſage of the Shadows over it may be exhibited 
for any Place of the Sun, or Declination of the Moon; 
for which ſee my Young Trigonometer's Guide, Vol. II. 
26. Lunar Eclirszs are not quite ſo. complicated 
in Theory, nor near ſo tedious and difficult in Calcula- 
tion, as Solar ohes. The latter are only apparent, the 
former really ſuch ; that is, the Moon is really deprived 

of its Light, and therefore muſt appear obſcured to all _ | 
the Inhabitants of the Earth equally, by whom ſhe can ; 
be ſeen ; whereas the Sun, not being deficient in Light, 
will ever appear reſplendent to thoſe who do not hap- 
pen to live on that Part of the Earth where the Lunar 
Shadows pals. _ 3 1 
27. As a Lunar Eclipſe is occaſioned by the Im- 
merſion of the Moon into the Earth's Shadow, we have 
only to calculate the apparent Semidiameter of the Earth's 
Shadow at the Moon, in order to delineate an Eclipſe | 
of this Sort. Thus let A B be the Earth, T its Centre, pl. LXl. 
AEB its Conical Shadow, D C the Diameter of a Fi | 
Section thereof at the Moon; and drawing T D, we 8 4 
have the outward Angle ADT=DTE+DET; 
therefore DT ES ADT - DET; that is, the 
Angle D T E, under which the Semidiameter of the 
Earth's Shadow at the Diſtance of the Moon appears, 
is equal to the Difference between the Moon's Hori- 
zontal Parallax A D T, and the Semidiameter of the 
Sun DE F. $2 kn b 2 : . | \ 3 

28. If therefore A E repreſent the Path of the Earth's Fig- 5. 
Shadow at the Diſtance of the Moon near the Node 8, 
and FH a Part of the Lunar Orbit, and the Section of 


the Full Moan at A, I, N, &; then tis evident, where 


1 thence 


\ 
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thence it is ſeen continually accelerating: its 
Motion towards the Peribelium, in ſuch 
manner as the Laws of Attraction require. 
The Comet is repreſented by a ſmall Brak 
Ball, carried by a Radius Vector, or Wire, 
in an elliptic Groove, about the Sun in one 
of its Foci; and the Years of its Period 
aue ſhewn by an Index moving with an 


"OY eaſt Diftaics of the Centres of the Moon. op 
Shadow exceeds the Sum of their Semidiameters, there 
can be no Eclipſe of the Moon, as at D. But where 
that Diſtance is leſs, the Moon muſt be partly or wholly 
involved in the Shallow, and ſo ſuffer an Eclipſe, as at 
B and 8; in which latter Cafe the Moon paſſes over 
"the Diameter of the Shadow. _ 

29. But in a certain Poſition of the Shadow at C, the 
teſt Diſtance of the Centres N'C is equal to the Bom 
of the Semidiameters; and therefore & C is the Eclijtic 
Limit for Lunar Eclipſes: To find which, we have NC 
= 67 12” nearly when greateſt, and the Angle N60 


"= 5® 00". | Therefore ſay 


As che Sine of the Angle NgC= = 5, oo'= 8. 940296 


42 to Radius : o⁰ 1282 — 10, 00000 
de ese nh ofthe de NC 63 52 Ma 


To the Logarithm of the Side 808725 22 2 805471 
Hence, if che Moon be at a leſs Diſtance from the 
"Node & than 724” = 12% 5”, there will be an Eclipſe; 
Otherwiſe none can happen. 

30. Tf the Earth had no Abi phere, the Shadow 
woulg be abſolutely, dark, and the Moon involved in it 
- *quite inviſible; but by. weak of the Atmoſphere 910 
of the Solar Rays ate refracted into "and mixed w 

ile Shadow, by which the Moon. 1 LE render'd. 11 10 
"tie miaſt of it, and of a qulky 1 led C Jour.) ! ig 
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equ able Motion over a graduated filver'd 
Circle: The Whole being a juſt Reprefen- 

tation of the preſent Theory of thoſe pro- 
digious and wonderful Phenomena on the 


Planetary Syſtem. ( 5 


Lv.) of 


(oxlav.) > "I Wen be Pa- de Restip 


as large a Compendium of the TEWTONIAN COMET0- 
GRAPHY as the Limits of this Work will permit, or, 
perhaps, as he may have an Inelination to read. Sir 
Iſaac has made the Doctrine or A/ftronomy of Comets the 


_ laſt Part of his immortal Principia, and: declares it to 


be by far the moſt difficult and intricate Part of Phi- 
loſophy. | 

2. A ComeTis a Sori of Planet revolving about the 
Sun, in a very eccentric Orbit or Ellipfis, and which 
conſequently approaches very near the Sun in one Part 


of its Orbit, and recedes to a very remote Diſtance from 


it in another. Henee *tis evident, they muſt undergo 
extreme Degrees of Heat and Cold. Hence it appears 
that the Comets are ſokid, compact, fixed, and durable 
Bodies, and not a vapour or Exhalation of the Earth, 
Sun, or Planets, as has been uſually ſuppoſed; becauſe 
if it were ſuch, it muſt inevitably be diffipated and diſ- 
perſed in paſting ſo near the Sun: For the Diſtance of 


the Comer of 1680 in Peribelio was fo ſmall, that it 


conceived a Degree of Heat above 2000 times s greater 
than that of red-hot'Iron. 

3. Yet are they not ſo fixed, but that they emit a fine, 
thin, lucid Vapour z which at firſt, while the Comet 
is yet a great way from the Sun, ſurrounds the Body in 
Form of an Atmoſphere, and begins to render the Comet 
viſible, As the Comet approaches nearer the Sun, this 


Vapour begins to aſcend Nom the Head or Nucleus, to 
Heights greater and greater, as the Comet gets nearer | 


and nearer to the Sun, and makes thoſe amazing Streams 


of Light we uſually call” their Tan. All which-is caly 
to TRL bbs. a View of the Figure, J 07 44x42 


' Theſe 
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4. Theſe Tails alſo are ſo fine and tranſlucid, hall 
the Stars are diſtinctly viſible through them. As they 
riſe from the Head and aſcend, they become rarified 


and grow broader towards the upper End. The Fotm 


of the Tail is well known to all now living who ſaw 
the late Comet; in which we obſerve the Tail had 
ſmall Flexure or Curvature, as they all have, being 
convex on the anterior Part, and concave behind, which 
ariſes from the twofold Motion of the Particles of thei 
Tail, the one of the Aſcent from the Head, the other 
being the progreſſive Motion in common with the M 
cleus itſelt. But as the former is much the greateſt, {ai 
its Direction is but little alter'd by the latter, and ſo ! 
the Poſition of the Tail but a little oblique and ins" f 
curvated. 5 | ; 7 
5. As to the Cauſe of the Aſcent of the Cometary 
Vapour or Tail towards the Parts oppoſite to the Sun, 


* 9 
at - 6 
: * 


there have been various Surmiſes and Conjectures, fo 


ſo I call them, as not being attended with Certainty and 
Demonſtration. Kepler aſeribes it to the Action of the 


Sun's Rays rapidly carrying the Matter of the Tail away 


with them. And Sir {aac does not think it diſſonant ti 
Reaſon, to ſuppoſe the ſubtil Ather in thoſe free Space 
may yield to the Action and Direction of the Sun- Beam 
It is certain from Experiments, that the Solar Rays co 
lected by a Burning-Glaſs to a Focus, impel light ag 
pendulous Bodies very notably, even ſo as to make the 
vibrate backwards and forwards: And though this I 
pulſion of the Rays of Light with us, in our groſs Me 
diums, and on our ſluggiſh Matter, be inconſiderable 
yet in thoſe ſree Spaces, and on the ſubtil EMuvia off 
fine Particles of the Cometary Atmoſphere, it may bull 
very great. I know there are other and later Hypotheſſ 
to account for the Motion and Form of a Come 
Tail; but on Examination they appear to be inſufficient 
improbable, and unphiloſophical, and therefore ſhall n 9 
trouble the Reader with them, _ 14 
6. Ihe Bodies of Comets are very ſmall, and above 
the Orbit of the Moon, as is evident from hence, that 
they have no perceptible h.rizontal or diurnal Parallag 
and when view'd with a Teleſcope at their neareſt Dill 
tances appear leſs than to the naked Eye, by having thel 
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Splendor of their Tails: taken off, and that of the At- 
moſphere abated by being magnified, The Nucleus of 
the laſt Comet meaſured but a few Seconds, as I found 
by meaſuring the Atmoſphere, by a Micrometer, and 
king 4-PrLopartional ß ] «%% 
7. On the other hand, by their annual Parallax they 
are proved to deſcend within the Regions of the Planets; 
they alſo appear ſometimes direct and flower than they 
really move, ſometimes retrograde and. ſwifter than the, 
true Motion, and Jaſtly they are ſometimes /tatronary; + ↄ 
all which Phænomena ariſe from the . ſame Cauſes 
as were before explain'd of the Planets. (See Anner. 
„„ 5 oft Bod foe hah mens 
8. Since the Comets by Obſervation are found to de- 
ſcribe curve Lines about the Sun, they muſt be drawn 
by ſome Force from a rectilineal Courſe by the firſt Law 
of Motion. And fince this Force in all the Planets 
tends to the Sun, as being the largeſt Body in the Syſ- 
tem, therefore alſo this Fored in the Comets reſpects 
the Sun in a more immediate Manner as being ſo much 
leſs than it than moſt of the Planets are. And laſtly, 
as this Force in the Planets is inverſely in the duplicate 
Ratio of the Diſtance from the Sun, the ſame Law is 
undoubtedly obſerved by the Comets, which are in other 
Reſpects Bodies ſimilar to the Planets. The Comets 
therefore move in Conic Sections about the Sun, hav- 
ing their Foci in the Sun's Centre. (See Annot. CXL.) 
i 9. Hence, if Comets return in An Orbit, thoſe Or- 
bits muſt. be Zllipſes; and their Periodical Times will 
be to the Periodical Times of the Planets in the ſeſ- 
quiplicate Rativ of the 'principal Axes :/ And therefore 
the Comets being for the moſt Part beyond the Pla- 
netary Regions, and on that Account deſcribing Orbits 
with much larger Axes than the Planets, revolve more 
 Nowly. Thus if the Axis of a Comet's Orbit be 
times as long as that of Saturn's Orbit, then would 
the Time of the Period of the Comet be to that of the 
Planet as 4.V 4 to 1, or as 8 to 1, viz, 8X 30 = 240 
Years. N be 
10. Since it is found by Obſervations that the Come- 
tary Orbits are extremely eccentric, and that the Portion 
which a Comet deſcribes during the whole Time of its 
| ; : Appearance 


\ , 


Fig re 
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Appearance is but a 


at the ſame focal Diſlance SP, as 0 2 to 1. 
ſuppoſing the Earth to be that Planet, let us 178 the | 
Pl 


- * 


Abo WM 


very ſtrall Part of the Whole, the 
Centre of fuck an Elfipfis being removed to ſo vaſt 2 


Diſtance muft occaſiom the Curvature at each End to 
| be vaſtly near that of 'x Parabola having the fame focal 


3 and conſequently the. Motton of à Comet 
be calculated in 4 Parabolc Orbit Without any 

en be Error. 
rr. Therefore the Velocity 


is to the mean 
about the Sun, 


And 


Velocity of a Planet deſcribing a Ci 


Radius, of its Orbit 8 P = 300000, and then 
the whole Periodical Time of the Earth 3651 is to wa 
whale Periphery 6283 18, Zi is I Day to 1720,2 Parts 


deſcribed in one Day; 3, and in one A it will. deſcribe 


71,65 Parts. But as: E: NA u 172062 : 24329747, 
ide Pants deſeribed by the Comes in one Day; and. 
the Parts deſeribed. de Con 
Fe 

12. Wnenee if the Lag Reden LR je the Parke 
hola be equal to 4 times the Radius 8 P of the Earth's 
Orbit, and we put 8 B. r00000000; the Area which 
tue Comet will deſcribe! each Day, by à Ray drawn 
to the Sun, will be 12163731 of thoſe Paris, and each 
Hour an Area of 306827 of thoſe Parts. To demon- 
ſtrate this we Suk conſider, that the Square of the Di- 
ameter of any Circle is to its Area as 1: 0, 7854 :: 4: 
8 47590 therefore the Square of Radius or P M-= x. 

henee the Area of the Circle is to the ſaid Square 


PM as 3, 14 5 o 1. And 1 PL 2=% 


But che Parabolic Area PL 8 7 L. Na 
Hence this Area PE $ is to- the Area of the Circle as 


Sw 14259. And if ihe Velocity: of the Comet 


and Planer at P were the fame, the Time in che 


6 9 


Comet would deſcribe the Arch of the Parabofa PL 


would be to the Time i in which the Planet deferibes its 
Ob in we e ſamwRatio of 4 Gy to 3,141 59. But theſe 
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| of a Cothet's in Perikeli 
Pl. LXII (viz. itt the Vertex of the Parabola 


t in Hour will be 


Velocities 
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47 are 0 , A 2 00 +; therefore the = Times 


RED. — 59 7 
be „ {ES 
yy e ps. Sim l BY 

#2 by 
to $1459. Whietefore WY As* $1 41 59 : . 


365 D. 6 H. : 109 P. 14 H. 46%. the Time in Jos 
the Comet will deſcribe the Arch PL. If then PS* = 
M= 190000090, we have the Parabolic Area P LS 
= 133333333 Parts deſcribed in 109 D. 14 Hf. 460; 
nd therefore the proportional Tamsen and Hour 


43 above. 

T3. What thoſs diurnal and horary Areas are in dif- 
ferent Parabolas may be thus ſhewn. Let p r 9 be a Pa- 
nbola ſimilar to the * PR Q then will the Time 
T of deſeribing the Arch PR be to- the Time t of de- 
cribing the ſunilar Arch pr, as the periodical Time B 
o deſctibing a Circle on F S to the periodieal Time ꝓ of 
tefcribing 2 Circle an ps, by the laſt Article. But P: 


E PS? : pit & RE:J3 T tz othe fimilarArens 

RSEZA, * S Sa, are as the 8 their 
like Sides PS anc 83 that is, A:@: R.: , Now 
ince in the fame Figure equal Spaces axe deſcribed in 
equal Limes, whatever Number of D ays or Hours are 
contain'd in T and t, the Areas e will conſiſt of 
many equal Parts reſpectively; Lk which therefore 


ky and crit and — HR CARY 


ity 268: R. Nel O98 
}3. fo. that x: "FE e Es 


5 
7. 


14. Let © the Quiizatal Area p 8 R of the Parabela 
RQ be divided into t00.cqual Facts, that i 70 let A 


=1005 then = r of thoſe Parts, and =: TOY 
Again, let. N be the Number of theſe. Parts ke 
10, then! wilt hip due 2 Ares Nx 78h 
Gir TI 1 " 8 


A * 


| thoſe Parts in the dures] Aren Dung: > ang 


'N:: 4 1 4 $i; „ NX A 2 FR= sr n o 
| the Radius of the Earth's Orbit. 5 


0 N KR. 3 TAR}: (by Am. 1; 3 therefiae N: Po 
8 of 


tat Area pr S of the Parabola pr q be divided into an 


ber i in any Parabolie Orbit the- Quantity „N * by 
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e 


IS. In like Manner i it is ſhewn® that if the Qui 


100 equal Parts, and p. S r, and u =] N of 
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r6. On theſe Principles the Cometory Calculus ten 


"AY todd 
is the diurnal Ares, = may therdfers be este the Ml .. ? 
mean Metion or Anomaly of the Comet for a Day; which IM **" 


- multiplied by the Time (expreſs d in Days) before ot lion 


after the Comet is in Perihelio at P, will give the whole MW Ort 


mean Motion or Area PRQS for any Place of the 


Comet Qin its Orbit. In ordet to this we muſt have i Log 


the Time aſcertained from Obſervation when the Planet I con 


was in Perihelio at P, and alſo the Perihelian Diſtance 2 
SP from the Sun; as alſo the Place in the Eclip- its! 
tic at the ſame Time, the Poſition of its Nodes, 1 met 
Inclination of its Orbit: All which Particulars for 24 Ml 1 
Comets the Induſtry of the great Aſtronomer of this WM 7 
Age has ſupplied, viz. Dr. Halley, in his Cometographia ; the 
which I have tranſcribed, and added thereto the ſame Ml © 
Things for the laſt Comet, as they were determined by The 
the Reverend Mr. Betts, from the Obſervations of Mr. Wh 
Profeſſor Bliſs of Oxford, at the Obſervatory of the 
Right Hon. the Earl of Macclesfield, at Sherbourn in The 
Oer are. 85 Di 
17. From the Plate of the Comet Q draw, QA per-“ 
e to the Axis; and let a b be a Tangent to the 
urve in the Point Q, and BQ drawn — — Arit 
thereto; then by the Nature of the Parabola we have 
A B= 8 R, the Sem:-Latus Rectum. And putting the W To 


| given Area P QS= a, and A „ we have 11 & + 


. or x — 3x = =124z j_ which. Cubic Equation WW The 
| reſolved * 


4 


3 


As TAN ON O 11 v. 


reſolved. gives the Ordinate A Qs and thence we have 
. PA; but PA PSS SQS Diſtance of the Comet 
\ Þ from the Sun, which therefore is given. Therefore in 


Angle from the Perihelium is known. When this is 


Planetary Calculus. 

18. Theſe are the Potts or Elements of Calcula- 
von; : which we ſhall now proceed to illuſtrate by Ex- 
ample; that ſo the Praxis may not remain ſo difficult 


and obſcure as it has hitherto been; and we ſhall make 


5; choice of the laſt Comet for this Purpoſe, whoſe mean 
1 Wl 4namaly or diurnal Area is in the firſt Place to be de- 
11 termined. 

the 19. In order to this, we have the conſtant mean Mo- 
ieh don of a Comet moving in a Parabola, whoſe Perihe- 
lon· Diſtance PS R Semidiameter of the Earth's 


ole Ml 1 — 
* Orbit, VIZ. 1 D ihe = 0.91228, whoſe 


ave Logarithm 9.960128 is therefore always at band for 
net Wl conſtant Uſe. 


nee 20. The Peribelion-Diſtance p S 2206, and 


lip- MY its Logarithm 943346472, as in the Table, for the Co- 


ang ag of 1743. But we have its mean Anomaly NN 


72 


= (by Article 1.5.) 3 therefore to find n by Logarithms 


the Proceſs i is as 1 - 


| by The Log arithm of Perihelion- Diſtance 7 y 246672 
Mr. 1 855 multiply by 


The Product is the Lagarithm of 2s. 0 039416 


** 


Arthmetical Complement! is the 15 of — Ly =& 980292 


To which add the ee of | N _ Seon 28 


Vor. Ill. 5 „5 21. Having 


the Triangle S AQ, right-angled at A, we have 8 
and A Qto find the Angle Q A; and then PS Q the | 


done, all the other Particulars are the ſame as in the 


Divide by 2, {a Quotient is Log. of 5 oY 19708 | 


210 


Anemaly, for the given 
for January 23 D. 5 $1. 


Subduẽt the given Time, Jan. 23 6 
The Dillerence will be 27. 2 
Wherefore to Log. of diurnal Area 8.718 = 0.940420 
Add the Log. of the given Time 2 7,08 33 = 1.432702 
. 
The mean Anomaly required = 236, 1 2 2. 373122 


which reſolved according to * - wyal WN . 
„* = 1,65 nearly. == 55 


ASTRONOMY. 

21, Having thus obtain'd the diurnal Area, if we 
multiply this. by any Number of Days and Decimal 
Parts of a Day, it will give the Area P R QS, or mean 

ime. Thus let it be required 


D. H. M. 
Then from the Time of Perihelion, Feb.19. 8 12 


22. Having therefore the Area PR QS = 2356, 1, we 
can find A Q = x, from the Equation & + 3 x = 129; 
for if when the Quadrantal Area PSR is 100, we put 
SRS E 1, then 'tis plain, #* + 3 x = 1-+3=4= 
12 4 in that Caſe. Therefore when the mean Auma 
is but 189 Part of this, we have x3 + 3x 9 = 
0,04 3 which will be a conſtant Multiplier for reducing 
any given Anomaly to fit it for the Equation. Thus 


0,04 X 236,1 = 9, 444 = #3 + 3 in the preſent Caſe, 


— 


2 l 


23. Then by the Nature of the Pacabols® — 5 


458 
ar 6a. Alo AP+PS=SQ 


= 1,8612, the Diſtance of the Comet from the Sun 
for the given Time. But to expreſs this Diſtance in the 
ſame Parts as the Sun's mean. Diſtance from the Earth 
contains 1,00000, we muſt conſider that the Perihelion- 
Diſtance PS = , 22206; whence. SR = , 44412. 
Wherefore ſay, As 1: 0, 44412 :: 1,8612: 0, 82650, 


- the Expreſſion required. 


24. In the Right- angled Triangle QA Sz having all 
the Sides, we find the Angle Qs A.= 825 307 ; whence 
the obtuſe Angle PS =7 17 333%, which 1 A the He- 


liocentric Diſtance of the Comet from the Perihelion. 
TRADED | Nos 


— 5 * N _ =o 95 9 1 
N l * he. 
hn. - - » 4 
* * 
4 1 * 4 . . . * 4 " p 
285 4 5 T a a 
” Kg CY KS J 
, | „% 
— 8 * ＋ hs * "th — 
* : Py : - gat "#46 þ 
4 — z A * „ # 
„ 


« "wg * 
1 


„Nos ſince its Petibelion. is in & 17 12/ 5%, if we 

al ſubduct 1179 33 30", we have the a ara * 

an tude in 8 199 3925 T7. 5 

ed 25. Alſo the Deſcending Node is in m 15 45% 20”, Pl. LXIL 

| from which ſubtract the Comet's Place now found, the Fig: 3. 

AH. Difference 1476 56“ is the Diſtance of the Comet 

12 from the Node. Let the Line of the Nodes be 8 NM - © 

it then, ſince the Perihelion P is 151 27” 35” aint 

— from the Node K, it will be but 280 38' 25“ diſtant 

from the Node 6. If then from the Angle QSA = _ 

20 62% 36; we deduct PS & 289 35 25" =ASA, we = 

o hal! have SN 058 K 

— 26. From Q let fall the en aN on gf 

22 Line of Nodes; then in the nd 125 Triangle 
the 


N, having the Angle at 8 an ide S we 
0 can find QN as follows. 1 N . 
t As Radius Fo 1 10. DTS 75 
Io the Sine of the Angle OSN = 33% 58' 9. % 
ah So is the Side - mk FO 2 7 


og Tothe Langth of the Side QN 0s = = 9. £6460r ; 
w i 27. Again: In the Ri ght-angled Triangle ND © 
iſe, WM we have the Side now found N, and the Angle of - - ©} 
ves the Inclination of the Comet's Orbit QN D =:47% * 3 RR 
o find the Side or N . Thus f © 8 5b 


= F* Radius 90 = 10.000000 

1s to che dine of Inclination bee o = 9.805138 3 
0 80 is the Side BY | QN = 9.46200 = =; 9.6646 N 
. 5 r ͤ 
= BL the Pergenidlcular D = 20,2588 = gates i 
the 28. We can now find the giocentric La of „ 3 
rth the Comet, err t] the Angle QD for ä 
n- i As the Side Qs ara 2 
12. Ils to the Side * = 9529739 e 
50, So is Radius | S * 10/650000 


22 Wt * IO bots vi hee if BG 


al To Sine of Heliocs Lat; QD TY 42 BW "gibrns re 


As 29. To find the Comet's Curtate Diſtance from the : 
5 oy, viz SD, we have this n irom the W 2 
185 * I 9. n he © 


212 Bi = $STRONOMY. 


As Radius | -.: 90% 10.0008 
To the Sine of the Angle SQD= 6 48'= 9 960 
So is the Side | SQ=u0,826 50S 9 917497 
——— 

| To the Curtate Diſtance 8D 8 385 ="0 8772 
30. To find the Side NDi in the GE Twy 
angle QND, ſay, } 5 


As Radius 909 = 10.000 q 
To Co- ſine of Inclination DAN==42* 51'= 9. 977% 1 
T . So 18 the Side QN = 0,46200 = 9.66460x i 


| To the Side 2) DN = 0,31420= 9. 49721) 4 
; 31. Then in the Right- angled Triangle NS Dye 
5 Ya the Helivcentric Place of the Comet in the Edly: 3 
tic, or Angle DSN, thus: I 
As the Curtate Diſtance SD=0,75 380 = 9. 2220 4 
To the Side ND =0,31420= 9.497213 Þ 
So i 18 Radius 8 5 9052 _ 10. 00009, 


: To the Sine of the Angle DSN = 24* 38'= 9.6 —- 1 
Therefore to the Place of the Node K, 8 1 56 45710 
Add the Angle _ found "2 1 Fl 30 _ | 


The Sum ĩs the Helioc.PlaceintheEcliptic, a 1 10 23 20 


32. The next thing to be done is to find the b 
the Sun, and conſequently of the Earth in her og 
for the given Time; which is calculated from the Tabs 
in the uſual Method as follows: ' - 
Mot. of the Sun, Mot. of Peribelion. a 2 
VVV 
1741. 9 21 1 58 — 3 8 13 30 
Jan. 23. 00 22 40 12 3 ¼3 
, Min. 11 27 8 


MeanMot. 1 10 13 14 24 VEG 3 8 16 3 1 
„„ -.. 10-13. 14.24 -. 


TruePlace 10 I4 22 * 7 5 58 MAN 
| 33: The 


: 1 1 


n gr rms 1, - * 
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As TRONOM Y. 


Larth's Place will be in the e art of the 
Ke] tic, viz. in NM 14 22/0% at T. If therefore from 
my we ſubtract the Comet's Heliocentric Place at H, 
i 5 have the Arch HT = 63* 40 437 = DST, 


the 


8 is 7 8. 4 58“ 23”, the Logarithm of the 
iſtance 8 T will be 9,9939047. But SD is 


alſo known ; therefore we can find the Angle DTS, 


ongation of the Comet from the Sun, 5 : 


As the Sum of theSidesST-+SD=1,74000= 0.240549 


Is to their Difference ST—SD=0,23240= 9.365236 
So the Target ig 


= 58 OO = 10.204211 


To Tang. of ! their Diff = a” 03; = 9.329898 
34. Hence 58 + * 03 =70% 07 = TBS 


588. 12 0 3 2 57 =D T D, or Longitude of 
the Comet from the Sun; which added to the Sun's 
Place at I gives the Geocentric Longitude of the Comet at 
L, in Y 00? 19”. - And to find the Gescentric Latitude, 
or Angle DT Q, we have this Analogy: 


As the Sine of Commutation TSD=64"00 29.95 365 0 


Is to the Sine of Elongation STD=45; 57 29.8568 


So is Tang. of Helio, Lat. DSQ=24 12'=g, 652650 


To the Tang. of Geo. Lat. DTQ=219® 46'=9.55 5568 


35. Thus you have the whole Proceſs of Calculation, 


as it relates to the Phænomena of a Comet moving in 


2 Parabola near the Vertex, and is the ſame with that 


uſed for the Planets (from the 25th Article incluſive). 
And though it is certain (from what will be ttewn b 


and by) that this Comet does not deſcribe a Parabo a, 


but an £llipfie, yet the computed Longitude and Lati- 
tude are the ſame which the Comet was obſerved to 


have at that very Time; ' whence the Accuracy of this 


Method ſufficiently appears: But as it is thus limited 
to a Parabola, and only one ſmall Part of that, and can- 


not be extended to determine. the Axis of the Orbit, — 


the Time of its Revolution, I ſhall here ſopply this 


3 great 


Sun's Place being found in. 14* 22/ % 


ngle of Commutation. And as the Earth's mean 


"0 


1 \ Fa «7 n 
— * 


Plate 


LXIII. 


Fig. 1. 


4 


As T RON OM V. 


eat Deficienc cy by ſhewing a direct and geometrical 
Kethod of Computation of all the Phænomena of .a 
Comet moving in any Cönie Section, which was firſt 
invented by M. Bonguer. in Mon. Pariſ. An. 17333 


which Method I ſhall explain, illuſtrate, and exemplify 


in the following Articles. 

86. Let AK BI be the Trajectory of a Comet, AB 
its longeſt Axis, IK the ſhorteſt ; 9, F, the two Foci, 
in one of which the Sun is at 8 C the Place of the 
Comet, Cs its Diſtance from thy Sunz.D CE a Tan- 
gent to the Curve in the Point C; Ccthe Space paſſed 
over by the Comet in a ſmall Particle of Time; SD, 
FE, Perpendiculars fram the Foci to the Tangent! 
Abd draw 8 G parallel to DE, and join F C. Ao let 
ANO be the elliptic Orbit of any Planet; 8, F, its 
Foci. Laſtly, let ALB be a Circle deſcribed on the 


: 3 zer Axis, AB; AP T B a Rectangle about the El- 


ipſis a IB; and A QRB as the Square about the 
Circle ALB; and put SC=a, SD, Dec Se 
the Time in which A is deſcribed = f. The longer 
Av of the Cometary Orbit AB = x, of the Plane- 

tary Orbit AO = , the Circle deſeribed on the ſame 
Axis AV O=;; the periodical Time of the Comet 
t, and that of the Planet = n, 

37. The Space Ce deſcribed, the Diſtance SC, and 
the Angle S CD, are all known by Obſervation, and 
therefore given Quantities. The mean Diſtance of the 
Comet is AH = x, and of the Planet is Ag = 2 9. 
And becauſe the Sguare: of the Periodital Times are as 
the 1 525 of the mean Di I we have 39* : p47 tt 


a: 54 3: and: therefore te === . 0 li, Kl. 5 


1 5 5 


. It is Es now to 3 another Expreſiion of 
the periodical Time t, thus: Becauſe Ce is a very ſmall 
Portion of the Orbit, it may be eſtegm'd a Right Line, 


| and the Sector CSc as an evancicent Triangle, whole, 


Area 2 S DXT CSD Abe is given; but as the Area 


2 be is to the Time + ſo is the whole Area of the El- 


ſpls A KBI=A to the whole ae! Fins t5 


ET that is, = Lo xk, 


Es . . Ye ; ; a 
| ES: . 4 e | 5 | 


j W # 2 ” 
© " f 5 * „„ 


e 89 

2 ic FMS; a," N 
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39. Now in order to determine the Area A, we muſt 
find the Semi-conjugate H K, thus : Becauſe A B 


SC FC, therefore F C= x —a; and by ſimilar 


| Triangles S DC and FE C we have SC: SD: FC: 
FE, that is, Pr biix—a: 1 = F'E; and 


therefore FG=(FE—OE) : . Agi, 50 


0 : FC: CE; or a: N —F 4 x 


a 
Vs — *. Hence DE or'SG = CET CDS 


* 


rr —=FP+vV = 1 a* — . But 


FG = d2mah, therefore FS VSU FU. 


. 

: a 85 ö . 
2 >. 

SEXES * _ x 4a . AndthercoreSH={SP 

N — — 


40. Moreover, by the Nature of an Ellipſis, S K = 
— and therefore 5 HK = 


a* x* 52 x —— 7¹ — 
a Pp 2 * L ee 


4 
W I K= = 2HK =. 4 * — 4. 8 


ly, * 4 * — 4 4 2 A pT B, the Semi- Area of the 


Ellipſe. Let 2 Diameter of the Circle A LB, 


and P its Periphery ; then fince: LH xP :QP s 


the Area of the Circle, we ſhall have Q: * QPt:: 


Q::3QR) RB ALB: ; AP TE AI 


a": 23 SS] That is, F 2 177 = e 


Y ax—& = AIP, But 2 AIB= AIK B= 4 


7 = bx 


%,.. 
8 1 . 5 
' ö | 
| 2 ; ec 
7 
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244 
F ben t= e 
, 7. Then t= VE | 
2 27 Vax - 44. And, reducing the Wende we 
get x of: P1_— =AB, the principal Axis of | 


> q—a . n* 


the Seator, or Trajectory of the Comet. 


41. If we ſubſtitute this Value of x in the Equation 


above for - t, we ſhall have tn = 


J[p*—acs mw * 


q 
- as Periodical Time. Alſo vecaule the n IK = 


a therefore 1 8 5 SI 5 | 
a 
. : ZZ s whence e = IK = 2 ben 
a . 
= * * 9 74 mn 


42. 3 theſe 8 it plainly appears, that 


when the V elocity of the Comet is ſuch that f* p* 2 == 


a e* n*, the Axis. x is infinite, and conſequently the 


Trajectory will be a Parabola; but if e a* n be greater 
than /* p*q, it will be an 1 in both which 
Caſes the Comet can never return: But in all Caſes 
where ah is greater than e a* n*, the Comet will de- 
ſcribe Ellipfes ; among which we reckon that of the 


229 
"FP q—ea*n? 


Cirele, where TX I0= 


fo 7 


and hencs 


CN 27 the Arch of the Circle deſeribed 


in one 7 


tance 2.9 = 100000 equal Parts; and fo g = 200co0, 
and p = 628318. Allo the Periodical Time 1 = 
I; Year 5 and then if Cc be the pace deſcribod 


2 12 x 7 a x ae; therefore the oye N LS = 


Let the Planet we ſuppoſed to deſcribe the 
Elliphis ANO be the Earth; then will its mean Diſ- 


; g t 
: ou 25 . e 
1 * 


in 


ASTRONOMY. =_ 


3 . 


| in one Day we have f= . e 67 0 0027378 


Then alſo the other Expreſſions will become for the 


2 = 290 S995IG. l 
inci al Axis x = 
pf = 591826599535 — 8 and ſor the 
| 47 59560000 X az 
Periodical Time br Es rs 
557826590537. 

44. Hence it appears, that if Obſervations could be 

made ſufficiently exact to determine the Diſtance of the 
Comet, and the Space it moved over in its Orbit in one 
Day, then the Axes of the Orbit and the Periodical 
Time of the Comet may as well be computed as thoſe 
of a Planet; but this is a Matter of the greateſt Nicety, 
and of courſe the greateſt Difficulty, becauſe the ellipric_ 
Orbit of a Comet, if it be ſuch, can ſcarcely be diſ- 
tinguiſhed by Obſervation (however well made) from 
a Parabolical Orbit, in all that Part of the Orbit which 
the Comet deſcribes during its Appearance. Hence 
the Quantity ae* will generally come out either equal 
to, or greater than the Number 591826599535, and 
ſo gives the Axis x infinite or negative: And if it chance 
that a e* be leſs than the ſaid Number, then if aore be 
not defined to the laſt Degree of Exactneſs, the Axis x, 
and Periodical Time t, will be very different from the 
Truth. But more of this in another Place. © 

45. A Parabola therefore is fully ſufficient to account 

for all the Circumſtances and Phænomena of a Comet's 
Motion during the Time of its Appearance; as Sir /ſaac 
has ſhewn with reſpect to the Comets of 166?, 1680, 
1682, 1683, 1723, and Mr. Betts for the laſt Comet 
of 1741. And that the Reader may ſee the wonderful 
Apreement between the Theory (though grounded on 
the Parabolical Hyputheſs: ) my the Phznomena of Lon- 
gitude and Latitude of the Comet by Obſervation, I 
ſhall here ſubjoin a Table exhibiting the fame both by 
Computation and Obſervation, and the Differences be- 


ween them ſeveral] y 'for each reſpeQive Time of Ob- 
9 ſervation,” 


1743. 


I — e > te oy 0 ven er BY 
8. © ,Y SS OV ON wit 2s 8 "6" 


IS Time 1 Longit. Comet North Latit.] Longit. Comet North Latit. Diff. in = 
Oxford. - obſerved. > -obſerved. 1 computed. 1 computed. Long. | = 
: P. HI. Of -- J JJV a 
. 23 5 32 [V. 14 10 2% 33 Jv. 14 10 37 33 37 1— 26 — 2 
444 5 HIT” 22. 22. 25007 -25o—2G0Y; 16-4 e Ig ISS | 
| ß 30 1487 + $0 $- 3. —] IG 
- £ 4 44 [V. 10 4 57s g Av. 10 5 1618 8 53] 19 — 1 
0 53 [Y. 10 4 11 i DO 3 Iv. 10 3 g5j488 9 8 16 +41 31 = ; 
2 10 [V. 4 52 zs 59 37%. 4 52 24þ83. 59 1] 19 —| 24+} 
© o , 41 i 46leg 2 zr. 4 „% 139: 2749-27 3-4 1% =T : 
2 8 20 [x. 4 29 2719 3 32 . 4 2 26 6619 3 12] 21 | 20 + | 
6 = | . 3-18 43ʃi9 15 47. 3 18 27 1 13þ- 16 + 374 
e $ 86 V. 3. 17 3 16 -7JV- 3 ir oe: I f 43-4 
3 11 [. o 19 45/9 42 ze. © 19 16/9 42 1 29 29 4 
4 . o 17 gig 42 4). o 17 459 42 120 13 ＋ 35 ＋ 
e 313K. 21 52 37/19 35 ceo. 21 52 369 34 42 19 — [is F 
| IX. 14 4245117 23 3X. 14 42 5817 24 5] 13 —=] 35 —| 
X- 13 10 35/16 38 400K. 13 10 $216 39.17] 16 — 37 — 
K. 11 32 gots 43 45K. 11. 33. 16|i5 4 16 26 — | 31i— £ 
„ 14 C . 5: 9+ DAM05 IP. 8] -1& +4 85'- © i 
X. 3 22 3718 15 38. 3 22. 18 16 3.284.241 
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46. Having thus ſhewn the ſeveral Affections of a Blas. | 
Comal s Motion, I ſhall conclude with a Word or two LXIII. 
in relation to their Tails. The Atmoſphere of Comets Fi ig. 4... 


conſiſting of a very fine Vapour, will, when the Comet 
is in its Aphelion, be nearly ſpherical, and its Denſity - 
greateſt. As the Comet approaches the Sun, the Sun's 
Heat enters the Atmoſphere, and rarifies it by Deprees, 
cauling at the ſame Time the fineſt Part to riſe from the 
Comet, like the Flame from a Candle, towards the Parts 
averſe from the Sun; and as the Comet comes nearer 
and nearer the Sun, this Fume will riſe and extend it- 
{elf to greater and greater Lengths, and make * is 
called the Tail of the Comet; ſo that when th 
view'd with a Teleſcope, the Nucleus, Atmoſphere, 
and Tail of a Comet appear much like what is repre- 


ſented i in. the Figure. 


47. The Length of the Tail is thus found by Ob- 
ſervation. Let 8 be the Sun, C the Comet, T the 


Earth, Ce the Comet's Tail; 


draw 18, 1 


and Te touching the End of the Tail, and meeting the | 
Line S C produced in E. The Place of the Sum anz 
Comet being known, the Angle I CE is known (for 


TCE=STC4CSTy 


Alſo the Angle of Devi- 


ation E Ce is known from Obſervation ; whence T'Ce 
is known, Moreover the Angle I Ce is known alſo by 
Obſervation. Therefore in the Triangle T Ce, having 
the two An gles TC and C Te, and the Side T C., 
(from the T debe we can find the Side Ce, which is 


found to 15 40, bo, and. 80 N 
48 Draw Se cutting the 


the Length of the Tail. And thus they have been 


lillions of Miles. 
omet's Orbit in 4; then 


becauſe the whole Motion of a Particle from © toe may 
be reſolved into two Motions Cd and ed, tis plain, 


| fince de is that directly averſe to the Sun, the Comet 


would” have pofſeſs'd the Point d when the Particle at e 
firſt roſe mee the Nuc/eus, if the Motion had been every 
where in the Direction of Se, as the Line Se kept 


moving from Se to SE. 


49. But ſince this is not the Caſe, but the Particles | 
move in the oblique Direction Ce, therefore parallel to 
Ce draw SF cutting the Orbit in D, and join De; 
then will the compound Motion Ce, aiſing from. the 
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progreſſive Motion of the Comet in the Direction Cc D, 
and its Motion of Aſcent in the Direction Ce, give the 
Point D for the Comet's Place when firſt the Particle at 


began to aſcend from the Nucleus. 
50. Now the Time in which the Comet deſcribes 
any given Part of its Orbit DC may be found from 


the Theory, and conſequently the Time of the Aſcent 


of the Tail of a Comet from the Nucleus to the Ex- 


tremity . Thus I have finiſned a compliat Compendium 
of the NEWTONIAN Philojop.hy of ComeTs. ' 


am patet h:rrificis que fit via flexa Cmetis ;\ 
Jam non mira ur bar Bari Phenomena Aſtri, 
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Prat and the Quantity of each; The 


Time. of the Equinoxss and SoOLsTICEs 
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Natural and Artificial. The EQUATION 
/ Time explain d. 07 WrREEKS. Of 
Monks, Periodical and Synodical. '* 
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CYCLE of the SUN, and Dominical Lx T- 
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Cycle of InpicTion. - The: Dionyſian 


Pxxiop, or Paſchal Cycle. The Julian 
Prxiop. The Aſtronomical Principles 
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APPENDIX 


SHALL here give the Reader an Fwy 
af the Year; as the grand and ori- 


na Meaſure of Time, and derived from 
the Aſtronomical Principles of the Earth's 
Motion; and then afterwards confider its 
Subdiviſions and Diſtributions into lefler 
Parts, as Months, Days, Hours, Minutes, 
Seconds, Thirds, &c. for the Pr urpoſes of 


common Life, and the Uſes of Chrono- 


logy, Hiſtory, and other Sciences. | 
2. TM is in itſelf a flowing Quantity, 
meaſuring the Duration of Things and 


its Flux is always equable and uniform; 


and therefore to eſtimate the Quantity of 
Time, we ſhould meaſure it by ſomething 
that is in its own Nature always of one 
and the ſame Tenor. For this Purpoſe we 
have no Expedient ſo convenient as that 


of Motion; and becauſe the Meafure of 


Time ought to be permanent, we can find 


no other Motion fit for this Purpoſe but 
that of the Heavenly Bodies. 
3. AMonc theſe, none of the Motions 


are ſo obvious to every, Body, and plain to 


common Senſe, as that of the Sam and 


, Moon; which therefore have been agreed 
: upon by the Conſent of all Nations for this 


End, and indeed this feems to have been a 


we MM Ol ,, 


rincipal-Part of the Deſign of their Cre- 
ation. For we are told they were appointed 
1 olds 4 for 
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10 LIRZOTURE XI. 1 
for Times and Seaſons, for Days and far 
Years, Gen. i. That is, the Sun, by. his 
Diurnal Motion, affords the Meaſure for 
Days, and by his Annual Motion the Mea- 
ſure for YEARs; and the Moon, by her 
Revolutions, gives the Meaſure of onen 
Part of Time we call Moxr gs. 

4. Fox it is a compleat Au of 
thoſe Luminaries that conſtitutes a Vear,  ” 
a Month, and a Day in the Abſtract, or 
abſolutely conſidered. Hence it is neceſſary 

to conſider the Point which is to be eſteem d 
the Exordium or Beginning of theſe Revo- þ 

lutions. And this, with reſpect to the An- 
nual Revolution of the Sun, is fixed in 
that Point of the Ecliptic which is the Be- 
ginning of Aries; and the Time which 
the Sun takes in going from, and return- 
ing to this Point again, is called a VAR. 

5. Aso the Space of Time which the 

Sun takes to compleat ond Revolution about 

the Earth, is calbd ea Natural Day, or the 
8 Nychthemeren, including a Common Day 
and Night; which Space of Time is ſub- 


2 . E 
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0 

d divided into 24 equal Parts, we call Hours; 

d and each af theſe are again ſubdivided into 

is bo equal Parts or Minntes; each of theſe 

a Again ante 60 other equal Parts calfd 8e- 
| | or Seconds ; each of thel 


' 
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Artnr 


into Thirds, and ſo on in a ease 

Subdiviſion for any leſſer Parts of Time. 
6. Now, if this firſt Point or Beginning 

of Aries were fix d, each Annual Revolution 


of the Sun would be conſtantly the fame, } J 


and therefore a juſt and equal Meaſure of 
the Year, which is call'd the Periodical Tear, 
as being the Time of the Earth's Period 
about the Sun ; and which conſiſts of 365 
D. 6 H. 9 14”. For ſo long is the Earth 
in departing from any fixed Point in the 
Heavens, and returning to the ſame again. 
. Bur ſince, as we have ſhewn ( Aunot 
XII. ) the ſeveral Points of the Ecliptie 
have a retrograde Motion, tis eaſy to un- 
derſtand, that by this Receſſion of the 
Equinox it will, as it were, meet the Sun 
and cauſe that the Sun ſhall arrive to the 
Equinox, or firſt Point of Aries, before 
his Revolution is compleated. And there- 
fore this Space of Time (which is cal d 
the Tropical Year) is not ſo long as the 
former; for by Obſervations made at the 
Diſtance of many Years of the Time of 
two Equinoxes, and dividing the Time 
elapſed between by the Number of Revo. 
lutions, the Quotient will ſhew the Quan! 
tity of t this Tropical Year to be 365 D. 58:0 
48/57; which is 20' oy” * chan the re-. 
riodical Vear. | 
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8. Tur Beginning of the Year, or Time 
| when the Sun enters 8 Equinox, as thus 


an Arch of the Ecliptic; then with a very 
nice 1 ſtrument take the Meridian Altitude 
of 8 Sun, the Day before and after the 
Equihox; the Difference between theſe Al- 
titudes 
the Sun's Declination on. thoſe two Days, 
which ſuppoſe to be AD and EC; which 


quity A BD = E BC =24*29, we find the 
Arch DB and EB; and therefore We ſay, 


As DB+EB 18 to DB. ſo is 24 Hours 


9. Bor the Quantity cf the Topical 
ear 3 better defined from a Calculation 
of the Moments of the Solſtices. T he In- 
Method was owing to our late celebrated 


ſervation, and therefore practicable by any 


Perſon but moderately ſkill'd in the Conic 


Geom@ty. The Method is as follows: 
Let A VO repreſent a fmall Portion of the p 
Tropic, which the Ecliptic K V M touches 
in the Solſtitial Point V. — the Sun 


| 


and, that of the Equator will be 


being thus known, and the Angle of Obli- 


to the Time between the firſt Obſervation 


and Moment of the Sun's Ingreß to the 
EquinoCtial Point B. : 


Ps 
T.. 1 A 


ventioh of which curious and moſt certain 


Dr. Halley ; and is founded on an caſy Ob- 


Vor. ä Q. at. 


. 25 


determined by Obſervation. Let ABC be Plate 
a Portion of of the Equinoctial, and DBE LXIV. 


Fig · 2. 


is 


Arzu Dix 


at { everal Times near the Solſtice be in the 
Points K, I, L, V, C, M. N, then will the 
Right Lines TL,.1D;.BC, EM, Ge, (per. 
pendicular to the Tropic A 00. be the De- 
ficiencies of the. Sun's Declination at. thoſe 
Times from his. greateſt Declination in V. 
10. Anp from the Elements of Geome- 
try, the Subtenſes, T L, DI, Gc. of the 
Angle of Contact AV K, are as the Squares 
of the Canterminal Arches VL, VI. &. 
that is, of the Lines VT. VD, &c, which 
are nearly equal to, thoſe Arches, Now 
when the Sun is in L, Part of its Path 
that Day. will be the Line L C; and when 
in, M, the Line LM, drawn parallel to 
AO. Let V-Q be Part of the SolRtitial Co- 
lure; then we haye VTI. F. and VD 
S1, Sc. alſo VF = TL, VG =D1I, 
wo whence L F* : 16 :VE:VG, &c. 
ſo that the Figure KVN has really the 
Property of a Farabola, and may be taken 
for ſuch, without any ſenſible Error, 
1 THEREFORE let three Points F, G, E, 
in the Axis V Qbe. determined by, Obſer- 
vation thus; let 45 be an upright Object, 
ac the Ground, or Horizon, and cd a Plane 
ſet nearly eee to: the Sun's Rays 
at Noon. Then let the Points b, f, g, on 
the, Plane mark the Shadow of the Apex b, 
on Thaye; Several 8885 at. N. on; ſuppoſe 
two 


* „ 


. 8 
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two before, and one after the Solſtice. By 
this Means we have the Proportion of Diſ- 
tance between the Points FH and FG, for 
as fb: Fg :: FH: FG. By the firſt Ob- 
ſervation from the Point the Sun's Place 
at K is given; hy the ſecond; from the Point 
F, we have the Place at L; and by the 


third having G, we have the Point M in 


the Curve. 
12. Now let POR Time between the firſt | 


| and ſecond Obſervation AT . KL) S a; 
the Time between the ſecond and third Ob- 


ſervation TE (LVM) ==, FHS c, FG 


S d, and T V =x'= the Time between the 
ſecond Obſervation and the Moment of the 


gofſtice, to be found. Then AV =a+ , 


and VES x; and let the Latus Rec- 


tum of the Parabola be p. Then (per Co- 


nics) we have x = VF x P. and therefore VF 


In like Manner VH= = —.— 


i: 


1 ee Fe 


ve ⸗Kag⸗ . therefore FH 


„ 24 


(=VH=—VF)= 2 + e 00 FO ö 
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1 vo F) 5 2 I dy where- 
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fore, * = ED a —2— =" | 
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| = TV, the Time required. 


U 


5 Cd 8:8. 


ing the Rejiarion, 5 we have. * 2 


24d ＋ 2bc 


13. Bor if the Order of whe Sean 
tions be ſuch, as that the Obſervation of 


the Shadow of the Gnomon in f is exactly 
in the Middle between thoſe of the Shadow. 


in 5 and g; then will AT = TE, and 
ſo a b, and the Equation wil become x = = 


ac - 44 
EE —=TV; which gives this Ana- 


logy, 2d + 2c: ef a: x, that is, 


*2FG+2FH:CHzAT:TV. 


14.1 SHALL illuſtrate this Calculation by 


an Example of each Caſe. In the Year 


1500, Bernard Walker, in the Month of 


June, at Nuremberg, obſerved the Chord of . 


the Sun's Diſtance from the Zenith by 


large Inſtrument, as follows; 


func 2, 45467 June 8, 44975 

une 9, 44934 and June 12, 44883 
June 16, 449 9 
The Difference of theſe Phords are equal 
very near to the ſmall Diſtances.F G and 
F H; therefore c = 533, and d 56, and 
2 4775 and ſince the Time was 7 
- Days between Obſervation, therefore a=7. 


bs me 


— + = 5d +} 1/1 Jp 1 


Whence we * 1 28 Ke I ds 2D.. 


W's 1 20. 


« * 7 * 
„ > | 
” 48 * — 
E 


June 16, . 44999 - 


20 H. 2, which added to the Tim TY 


20 H. 12. 


to Bie ust NI. 


ne of the! | 
middle Obſervation, gives June 1 10. 20 H. | 
2 for the Time of the SolſtiſeGQ. 

15. Again, by the other three Obler ba- 
tions, We have c 10%, d 92, 9 4 
15, and 4 A; wherefore ſay, Rs 3 398 : 


15 40. = 96 H.: 3 3 the 3185 


rence between the ad Obſervation? Jane 12, 
and the Moment of the Solffics,” Which 
therefore muſt” be June 11 D. 20 Hf. 235 

which is but 21” rd from cht former? 
The Time of the Tropic therefore, in Aund 
1500, we may donelute was Fae" 1 P. 


16. Wr will now 1 an b Example 0 
the former Method by the Shadow of 4 
Gnomon 55 Feet high, which: Gofbndur at 
Marſeilles made uſe of for determining tlie 
Proportion of the Gnomon to its Solſtitial 
Shade. This he did in the Year 1636, and 
the e were as follows 18 ar? 0 


& * \ 
7 5 f 10 „ 
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BF * > I ö 
E 14 1 13 STING 8 * 
7 8 N 4 N 1 * uo : . : A " « 3,4 o 1. 2 5 F 7 1 -" 


l! 311: 31 os 51 * 5 21 2 33-217 


a 279 57 3 
4 + 27 : . a | 3 i | FS. 1 * 1 * 4 L 9428. 
2 * 5 743 05 vg 39 | 
* 4 17 SE Bel * 


"Here W ad. a. End 955 tha h d]. An- 


ſtead of being received on the Plane cd, 
perpendicular to the Rays, Was taken on 


23 the 


2230 
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the waere Line, where the Points h g, 

b, are referr'd to * . G, #5 in three gf the 
öGbſervations; yet is the Ratio between 
E H and EG the ſame nearly as the Ratio 
between $ Land Fg. becaule the Rays at 
that Diſtance from 5, in ſo ſmall an Angle, 


iffer little from parallel Rays. 


25 17. Hexcs the Caſe. of the Problem is 


fill the ſame. Therefore, let the Shadow, 


on June 19, be a H 31766; on the aiſt, 
4 F 317513 and on the aad, 46 8 
31759 then 29 f 30, 24= 164 C 
| 7. and a = 2, 7 77:1 3x-Shenthe.Theorey 
c — 44 D. 1 
: 2adt 2bc i r e, 17 25, 


ED 3 hs The ty think ther alliice 


preceded the ſecond Obſervation. The Sol- 


ice therefore was on Jume 20 P. 1. be 


iy; S. or June 10 D. 17 H. 25 O. S. 
18. Tun Difference between the Time 


of this and the other Solſtice is 1 D. 2 H. 


47: of which 1 D. 1 H. 12“ ariſes from 


the Deficiency of the Length of the Tro- 
pical Vear from that of the Julian Year, 
(as will by and by appear) and the other 
Part 1 H. 45 from the Progreſſion of the 


Sun's Apogzum during tl that Space of. Time, 
vis, * _ 947006 * 


9. % 
« 5 ES $443 x5 
* S X42 Fi ; 
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6] Tis Days are the Hext" Part of 
ase We Wal ebhfider. Theſe he” be 
Avidefliints go lr dtrd Sec The 
Solar D g th 
tervenes between dhe Sun's departing from 
any one Meridian, and its Return to the 
_ fare again. But \Sitherea! Day is the 


Departure of a Star from and its Return 
to the lane Mevidiah again. Aid each 
of 'theſt are dä ed dato 24 6 an Pa th, 

or Hours. u 297 DID Fly 


26) Bubaves the Diürnal Mit of the _ 


Farth about its Axis is <quable, i 
lution will be perforin d in the Time Tithe; 
and therefore all che Spe] Dahl, and the 
Hours ef thee Days, will Be equal.” And 


on the ether hard; the Solar Bohr art all 
unequal, and that on two Accounts, ViE. 


becaiſe of the Elliptic Figure of the Eatth's 
Orbit, and becarifſe of the G ul 


221. Tits Will apf 

be the Sun, A B d Patt 3 the Ech 
the Centre of the Earth, and M 8 
ridian whoſe Plane paſſes through thi Sin. 
Now in the Time of one Revolution: about 
its Axls, let the Eürthi be carried about ne 
Sun from A to B, and then the Meridian 


ö - 


at Space of Time Hs ns. 


Space of Time which happens between the 


* 5 


pity of the : 
beate 40 the . 


aw AEN . 

Vioill bein the Poſition m d, parallel to the 

former M D. But 'tis plain, the Meridian: 

md is not yet directed to the Sun, nor 

will not. till by its angular Motion it has 

attain'd, the Situation %. deleribing the 

Angle eBm = =BSA;. whence; it appears 

that all. the\ Solar Days are longer than 

the Tine. of one [Reyolut hr. or Sigdereai 
Day. 21 Foc; „ inte 6 165 
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82+ Apethe Earth revolved 1 in the Plane 
of the Equator, and in a Circle about the 
Sun, then would the Angle A8 B, and 
conſequently. the Angle e BM be always 
of the ſame Quantity, and therefore the 
Time; of deſcribing, the ſaid Angle eBN 


wauld always be cqual,. and o all the ſolar 
Days would be equal among themſelyes. 
But neither of Mr ;tv0,Caſes IE: Hom 
in Nature. ob e eng! 
12 5 Fox by the Earth's Theory, founded ? 
on t 5 niceſt Obſervations, the ihn is an 
Ellie, and therefore (as we have ſheym) 
her Annyal Motion cannot be e quable, or 
i the Angle. A8 B deſcribed. in the ſame Space 
al 2 f 11 Will not gqu⸗ for in) the 
Aphe ion, th he. Neon of. 5 — Earth, will 
be leſs than in the P pibebon, therefore 
alſo the e ae wul | e leſs, and conſe- 
h the fyn; e n, and therefore 
by « þ | alſo | 


70 rr 


ao the. Time of deſeribing it; whenegit 
appears, the Part of Time to be added;to 
the Sidereal Day, to les, th: Solar 
Day, is always variable. 117 

24. Tux other Part of the Equation-of 
Time. (and moſt conſiderable) is that which 
ariſes: from the Plane of the Earth's Orbit 
or Ecliptic being inclined to that of the 
Equator or Plane of the Diurnal Motien; plate 
to explain which, let Y be a emen XLIV. 
of the Ecliptie, and vH of the Equi: Fis· 5: 
nodtial, & the Centre of the gun, and A 
that of. the Eagth, in che bird a of 
Fake the on: Bonis, N its apparent 
Place at J in the firſt Quarter of-the Eclip=. 
tic N. 71 978605 33-034 00 * is T3 OT 

25. SURPORR»/NOW/) the Motion. of ine 
Earth: in cwery Reſpect equable; and-firſt 
laat it ſat gat from a, and proceeded inn 
the Equator in a given Time o, the Sunn 
would apparently-geſcrihe unthe fame Time 
the Arch of the Equator v1. Again, ſups; 
poſe ĩt ſat out; from the ſame Point ©, and 
ſpent the ſame, Time with the ame equable; 
Velocity in the Ecliptic, it woule arrive to; 
the Point A, i that the Arch ASD 
and v1 v'C., Then tis evident, as the- 
| rh reyolyes Shop its Axis from ad, = 

| | Ea = 


Arr END 
Bata the Meridkam of any Place will fun 
Srrive ut the Sun I in the Feliptie, and uf 
terwards at the 8un C in che Equimoétist 
that is, the Time of Non by the Sun in 
the Ecliptic will be ſooner than that Neon 
which would happen by the Sun in che 
Equioctial; and that by the F ha 
the Arch h D turned into Time. 
286. Now the Arch D BC is che Db. 


S. Þ»Þ LE kr 


D 


5 deere f the Sun's Longitude 5 Lor FC, 
and Ris Right Afcenfion YB. Draw ge 
parallel to PC, and the Angle A joy 8 
equal to the Angle D 8 b, and the Arch e, 
ſimilar to the Arch Dh; therefore the Time 
in Which the Meridian 3 fevolves into the 
Situation ef? is that whichis to be added 
to the Ecliptic Noon to equate it with the 
Pime of the Equinoctial Noon in the firſt 
and third Quarters of the Ecliptc. Ifi'the 
ſecond and fourth Quarter, the ſaid Equis- 
tion is to be ſubtracted, as would eafily ap- 
yeh "by: e the” ſame CI 
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thee. 
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„Now becauſe in different Parts of | 
#6 Quadrane this Arch D or BO is of 
different Length, the Equation of Time will I tic 
be a variable Quantity; and therefore ſinee I me 
the Motion and Time meaſured by the Sun to; 
1 — is always equal, (there I in 
0 6 being 


2 
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being nothing to make it otherwiſe) itifol- 
lows, that the Times (4-4. the Days) mea- 
ſured by the Sun in the Ecliptic muſt be 
Aways unequal; or, in other Words, the 
dalar Days are ſometimes ſhorter, ſome- 
times longer, than the equal neee 
aut in the Equinoctial. 5 
28. IT bas been ſhewn dlremdy; thivake 
True Mation of the Earth precedes the 
Mean in the firſt Semicircle of Anomaly, 
and is preceded hy the Mean in the ſecond. 
Therefore While the Earth is going from 
the Aphelion to the Perihelion, or while 
the Sun apparently moves from the Apo- 
gæum to thePexigaum, the Apparent Time 
will be before the Mean, and in the other 
Semicircle of Anomaly it will be after it. 
The Difference of theſe Motions converted 
into Time is the Equation f Time in this - 
Reſpect, and is to be ſubtrafted from the 
Apparent Time to gain the Mean, or added 
to the Mean to gain the Apparent, in the 
firſt Semicircle of IA and vice dg | 
in the latter. r. 
29. Now both theſe Parts at hot 
tion of Time are calculated by Aſtra: 
mers for every Degree of Anomaly,” and 
ior every Degree of the Sun's: Longitude 
in the Ecliptie, and diſpoſed in two ſaveral 
" 


bh 
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Tables, with LE Directions for adding 
tracting, as the Caſe reqires; ſo — 
all. Times the true or equal Time may be 
had. And from thence it appears that the 
apparent Time, or that ſhewn by the Sun, 
ig. by a Sun- dial, is but four Days in the 
whole Year. the ſame with the mean or 
equal Time ſhewn by a good Check or 
Watch, vis. about April the 1th, June the 
17th, Auguſt tlie 3 iſt, and December th 
24th. Alſo about the 23d. of October the 
Equation is greateſt of all in the Vear, be- 
ing then about 160 11% Clocks 1 then 
ſo much ſlower than Sun- dias. 
30. As the Solar Days are unequal, the 
Hours, aſt; be ſo of: courſe; and hence it Ml 7 
appears, that there is no natural Bod v. 
which can by its Motion meaſure Time Ml or 
truly or equally;: and the only way to do i. 
this is by the artificial Contrivance of dz 
Clocks, Watches, N ann Ju 
. 969 Da 
131. 5 difforenit Parts of the World, the D. 
natural Day has a different Beginning. The 
ancient: Egyprians began their Day at Mid- 
night, as do alſo the modern Nations of 
France, Spain, Great- Britain, and molt 
- Parts of Europe. The Jews; with the Ger. 
mais, begs aher 0 mn The 
22061 n 
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Babylon ans began theirs at Sun-riſing. And 5 
the Aſtronomers begin the Day at Noon, 
and reckon on to twenty-four Hours, and 
not twice twelve, as we do IT" our r Clocks 
h in civil Life. | 
e 32. A Weex is another common Mea- 
ſure of Time conſiſting of ſeven Days, and 
becauſe the Ancients ſuppoſed the ſeven 
planets had an Influence upon the Earth 
and all terreſtrial Things, they allotted the 
firſt Hour of each Day to the Planet they 
ſuppoſed then to preſide; from whence the 
en ſeveral Days of the Week received their 
Names. Thus Sunday was Dies Solis, 1. e. 
he the Day of the Sun; Monday' was Dies 
it Lune, i. e. the Day of the Mr Tueſday 
vas Dies Martis, i. e. the Day of Tuiſto 
or Mars; Wedneſday was Dies Mercuri, 
i. e. the Day of Wooden or Mercury; T burſe 
day was Dies Jovis, i. e. the Day of Ther or 
Jupiter; Friday was Dies Veneris, i. e. the 
Day of Friga or Venus; and Saturday Was: 
Dies Satur ni, i. e. the Day of Saturn. 
33. A MonTH. is another Part of Time, 
ſo call d from the Moon, becauſe it is the 5 
Time of her Revolution about the Earth, 
and is therefore alſo calbd a Lumation. IT. 
we refpe& the Revolution of the Moon | 
from any fixed Point in the Heavens (as 4 . 
ia _ to the” Mayne” again, it is call'd a P 
it riodical 


research 
publications 
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riodical Month, and conſiſts of 27D: 7 


But if we regard the Time that pa 
. one Conjunction or New-Moi 
and the next following, i it iscalFd a Synod, 
Month, and is equal to 29 D. 12 H. 44 

34% THESE now mention d are the 4/ 
nomical Tears, Months, and Days: But th 


uſed in common Life are ſomewhat di. 


rent. Thus the Civil Month is a Space 
28, 29, 30, or 31 Days, and 12 Syno 
Months make 3 54 Days, which is call 


| Givil Lunar Year ; and a Civil Solar Y 
15- the Space of 365 Days. Therefore 


equate the Civil Lunar to the Solar N 
11 Day 'S are to be added, whieh were ce 


2 Wee * Greeks Epamngene; and oy. us 


4.6. Tux Gi Soli-Lunar Year. of 


Days, being ſhort of the true by 5 H. 


Ap 


57”, occaſion'd the Beginning of the 
to run forwards through. the Seaſons: 


Toy nearly in four. Vears, and in 1. 


Year throu ugh all the Months of the 'Y 
is Account Julius Cæſar ordain'd 1 


every 4th Year one 3 be adde 


February, by cauſing, the 24th Day to 
reckon'd twice; and becauſe: this 24th 
February was the Sixth (Sextilis before 
Kalends of March, there were in this! 


two of thoſe Sextiles, which gave the N 


that” diffe- 
a Space of 
18 call d a 
olar Year 
erefore to 
Solar Yeap, 
were calld 
* us the 


r of ae 
y 5H: 48 
eaſons one 


the Year. 
dain'd that 
e added to 
Day to be 
before the 
n this Year 

of 


of March. TO do this, he took 10 Days 
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of Biſſextile. to this Year, The Year, * "= 
corrected, was from thence call'd, the. Jer 


lian Tar. 

36. Bur the fix Hours, added by Julius 
Cæſar, is too much, that is, exceeds, 5; H. 
48 57" by 11' 3”, and therefore, the Sun 


each Year begins, his Courſe II 3” ' before 
| the Julian Year is ended 1 in 134 


Years amounts to a whole Day. Hence 
at the Council of Nice, A. D. 325, 45 


which the Time of Eaſter was fixed), the 


Vernal Equinox being upon the 21ſt Day 
of March, it was found in the Year 1.582 


to happen on the 11th of March, 10 ous 


! ſooner than before. 


37. Pork Gregory XIII. thought the Ka» 
lendar too erroneous, and reſolved. to re- 
form it, by reſtoring the Equinox to its 
former Place i in the Year, viz. to the 21ſt 


out of the Kalendar, by ordering the 5th 
of October 1.582 to be call d the 15th;, and 


to prevent the Regreſs of the Equinox for 


the future, ordered every 10odth Year 
to conſiſt of only 365 Days; whereas. in 
the Julian it has 366, as being Bifſextrle: 
This Reformation is therefore called the 


Gregorian. Account, or New-Stile,. and. i iS 


uſed by Papiſts in_Jtaly, Spain, France, Ger- 
many, and by 5 Proteſtants ae r 


440 9 
in \ England i we have lately made a father "he 


in Honour of our own Nation and King. T 


| proſe Year 1758, there have elapſed up- 
wards of 1433 Years, by. which means 


Arrr Uf 


Correction, by throwing out ii Days; which C. 
brings us much nearer the Truth than the K 
Gregorian Account. This therefore ought tobe I. 
called the BxT IsH or AUOusTIxR Account, of 


38. Since the Council of Nice, to the 


the Equinox does in the Old-Stile, at this I T 
Time, fall on the roth of March nearly, 
and the Julian Account is 11 Days later I © 
than our own. But even the Emenda- MW 
tion, or New-Style, (which we now uſe) il © 
is not ſufficient; for whereas by that four Ml © 


Days in 400 Years are rejected, a conſide. th 


rable Error is committed; for the odd 11 re 


| a by which the Julian Year exceeds the lo 


Truth, will not amount to more than three 
Days in 391 Years. If therefore at the If 
End of every 391 Years we expunge three iſ 
Days, the Equinox will very nearly al- th 
Were keep to the ſame Day of the Mont. ol 
39. Is Computations of Time, we find Il a 
it- neceſſary to fix upon ſome remarkable Il Þ 
Tranſaction, or memorable Event, for the of 
Exordium or Beginning of the Reckoning tl 
theſe are called Epocha's or Zka's. Thus Ft 
fome compute from the Creationof the World: 


The ancient Greeks from the Taftitution of 
the 
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»he Olympiads, beginning 776 Years before 
CHRIST : The Romans from the Building of 
Rome, about 750 Years before pl 


The Chaldeans and Egyptians uſe the Æra 


if Nabonaſſar, beginning A. ante C. 752. 
The Turkiſh Epocha is the Hegira or Flight 


of Mahomet, A. C. 622. The Perfhan Fra 


is call'd Teſdegird, A. C. 632. And that of 


the Chri/t:ans the Birth of Chrift, fince which | 


Time we reckon 1758 Years. . 

40. BesiDes the Meaſure of Time by 
Common Years, we find it became neceſ- 
ſary to introduce the Uſe of CycLes (7. e. 


Circles) of. Years; as the Metonic Cycle, the 


Cycle of the Sun, the Cycle of Indiction, and 
the Julian Period compounded of all the 


lowing ſhort Account, 
will have a Remainder of 1, which ſhews 


the laſt Day of the Year. is the ſame Day 
of the Week with the firſt. Now it was 


always cuſtomary to place againſt the ſeven 


therefore, as they were continued through 


reſt, Of each of theſe I ſhall give the fol- 


41. Te CYCLE of the Sun ariſes hence: | 
If the Number 355 be divided by 7, it 


Days in the Week, the ſeven firſt Letters 
of the Alphabet, A, B, C, D, E; F, G, and 


the Year, it is evident the ſame Letter muſt 
Vol. III. pots > Rand 
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of the Domini cal Letters, and cauſe that 
- the 
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ſtand againſt the firſt and laſt Day of the 
| Year, vi2. the Letter A. 


42. Huck, if the 1ſt of yas | will 
be a Sunday, the Letter A will point out all 
the Sundays in that Year; and ſince the 


| iſt of January in the next Year is Mandi, 
the firſt Sunday will be on the 7th, againſt 


which ſtands the Letter G, which there. 


fore-will be the Sunday Letter for all that 
Year. Again, the firſt Day of the fol. 
lowing Year being Tueſday, the firſt Sunday 


will be on the 6th, againſt which ſtand 


the Letter F, which therefore indicates the 
Sundays through that Year, and ſo on; 
whence tis eaſy to obſerve, that the Let- 
ters which point out the Sundays in ever) 


Year will be in a retrograde Order, viz. 


A, G, F, E, Sc. And becauſe theſe Let- 
ters ſhew the Dies Domini, or Lord 5-Days, 


they have been called DoMINICAL Ler- 


T ERS. 


43. Now, if all the Vears were common 
ones, the ſame Letter would not be the 
Dominical, or the Sundays would not be up- 
on the ſame Days of the Week, till after 
a Cycle or Revolution of ſeven Years; and 
ſince every 4th Year has a Day extraordi- 
nary, this Day will interrupt the Succeſlion 
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the ſame Days will not be ſhewn again by 
the ſame Letters after a Cycle of ſeven Years, . 
but of 4%7 = 28 mas which | is call'd 


the Cycle of the Sun. 


44. BECAUSE | in every Biſextil Year the 
24th or 2 5th of February is reckoned twice, 


and both thoſe Days have the ſame Letter, 


it follows, that that Letter which ſhew'd 
the Sundays before the 24th of Pebruary 
will not ſhew it afterwards, and den 
in every ſuch Year there will be two Do- 
ninical Letters, For Example, the Year 
1744 was Biffextile, January 1 Sunday, the 
Dominica! Letter A; but the 24th of Fe- 
lruary being Friday had the Letter F, and 
allo Saturday the 25th; therefore Sunday 
the 26th muſt wie G, which for that 
reaſon was the Sunday Letter the remaining 
Part of the Year. 
45- To find what Year of the Gy cle the 
preſent or any Year of Cuxisr is, add 9 
to the given Year, (becauſe the firſt Year 
of Cuxisr was the gth of the Cycle) and 
divide by 28, the Remainder is the Year 
of the Cycle required. Example: The 
Year 1746 + g=1755, then 1755 divided 


by 28 leaves 19, the Year of the Oel re- : 


quired, whoſe Dominical Letter is E. ac- 
ins to the following Table 


1 ** 
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Cycle. I. 2. 3. 4- . 8. 9.10. II. 12. 


Don, Lis ꝑ E. D. & 40. F. E. 0 B. A. O. 
Cycle 13. 44. 15. 16. 17. 18. 19. 20. 21. 
1 D. C, B. 0 F. E. D. by 

A E. G. B. 
Cycle 22. 23. 24. 25. 26. 27. 28. ö 8 
Dom. Let. A. G. F. 2 C. B. As 


46. Tur Merton Croix, 60 called 
from the Inventor Meton ) otherwiſe called 
the Cycle of the Moon, is a Period of nine- 
teen Years, after which the New and Full 


Moons. were ſuppoſed to return on the ſame 


Days of the Month, and Hours, as before; 


becauſe if the Solar and Lunar Year began 


together at any Time, theſe Years being 
to each other as 365 to 354, could not co- 
incide again at their Beginning till after a 
certain Time, vis. 235 Lunations, which 
make 6939 D. 16 Hf. 31 45”, and in nine- 
teen Solar Fears are 6939 D. 18 fl.; the 
Difference being only 1 H. 2871 5” ſhews the 
two Years will then begin again very nearly 
at the ſame Time, and the New and Full 


Moons come round again upon the ſame 


Days of the e 


1 2 W hk © end wa MTroua . 


457. Yer 


1 


«  _A« 


to LECTURE XI. 


happen ſo much ſooner each Cycle in the 
Heavens than by this Reckoning, and this 
in 304 Years amounts to a whole Day; 
and therefore, at this Time, they happen 

almoſt five Days ſooner than they ſhould 
do, by the Rule ſettled by the Nicene Coun- 


cil for finding the ſame by the Golden Num- 


bers; the Nature and Uſe of which are to 
be underſtood as follows. 
48. TaxinG any Year for the Firſtof 


*% Cycle, the Ancients obſerved all the 


Days on which the New Moons happened 
through the Year, and- againſt each ſuch 
Day they placed the Number 1; in the ad 


Year of the Cycle they did the like, and to 


each Day of the Neu- Moon annexed the 
Number 2. In like Manner to every New 
Moon Day in the 3d Year of the Cycle! they 


ſubjoin d the Number 4. and fo on, thro” 


all the Years of the Cycle. This being done 


for one Cycle, the ſame Numbers were fitted 


to the Kalendar to ſhew the New Mouns in 


each Vear of any future Cycle; and, upon 
Account of this their excellent Uſe, they 
were in Gold, and were therefore: called 


the Golden Numbers for thoſe Years\ Ws 
tively. 


I 0 49: Bur 


24 
157. Yer this Deficiency of an Hour TR | _— 
half will cauſe the New and Full Moons to 


NT 
49. BuT becauſe theſe Numbers for the 
F New Moens are not of laſting Uſe 
(as above ſhewn) the beſt way of FO 
theſe Numbers 1 is by the Mean Lunations, as 
they may be found from Aſtronomical | 


| Tables for each Year -of the Cycle, which 


are the ſame in every Cycle, and do not vary 


greatly from the true. But however ad- 


vantageous this may be in civil Life, we are 
not to expect this Innovation ſhould take 
Place in the Liturgy of the Church of 
England, which (till continues to compute 


the Moons, as it does the Eq uinoxes, by 


the old erroneous Rule eſtabliſhed by the 
Council of Nice, which are called Eccleþ- 


eftical New Mens, in Contradiſtinction to 
the true ones in the Heavens. 


50. BgsIpes theſe, there was another pe- 


riod call d the Cycxx or IxpIC Io, con- 


ſiſting of 15 Years; it was fo call d becauſe 
the Numbers of this Cycle indicated the 


Time of Egſer. But as this Cycle has no 


Connection with the Motions of the Hea- 


venly Bodies, I ſhall fay no more of it here, 


but —— the Regder for a farther Account 
of this and other Matters purely Chrone- 


logical, to the Authors | who have wrote on 


ore 0. or, if they pleaſe, to an Er, | 
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of that Science in my Philological Leer 


of Literary Arts and Sciences. 
51. Tye DionyYSIAN PERIOD is one that 


is made by multiplying together the Cycles 
of the Sun and Moon, and therefore con- 


fiſts of 532 Years, for 28 x 19 = 532. 
After the Completion of this Period, not 


M - - 4 
6 - 
% % 
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only the New and Full Moons return to 


the ſame Days of the Month, but alſo the 
Days of the Month return to the ſame 
Days of the Week; and therefore the Do- 
mini a Letters and the Moveable Feaſts all 
return again in the ſame Order. - Hence 
this Cycle was call'd the nen PASCHAL 


 CycCLE. 


52. Tur jekan e is the laſt I 
ſhall mention, and the largeſt of all, con- 


fiſting of 7980 Years, being compoſed of 
the Cycles 'of the Sun, Moon, and Indiction; 


thus 28 X 19 X 15 = 7980. The Begin 
ning of this Period was 764 Years before 


the Creation, and is not yet compleated ; 


and therefore comprehends all other Perzods, 


Cycles, and Epochas, and the Times of all 


memorable Actions and Hiſtories. It had 
its Name from its Inventor Julius Scaliger, 
who has eternized himſelf there. 

53. IcAx'r conclude this Eſſay without 


laying before the Reader the ame a 
R 4 * | 


b = — ee — — = 


APPENDIX 


Principles of CuRoNoLoGY, which Sir Iſaae 

| Newton makes uſe of for ſettling the Grand 

' Epocua of the Argonautic Expedition, and 
which he makes the Baſis of his Chrono. | 


logy. He obſerves, that Eudoxus, in his 
Deſcription of the Sphere of the Ancients, 
placed the Solſtices and Equinoxes in the 
 Middles of the Conſtellations Aries, Cancer, 


Chelæ, and Capricorn: And alſo that this 


Sphere or Globe was firſt made by Muſceus, 
and the Aſteriſins delineated upon it 0 
. Chiron, two of the Argonauts. 


54. Now it has been ſhewn, that by the 
Preceſtion of the Equinoxes the Stars go 


back 50” per Annum. And ſince at the End 


of the Year 1689, the Equinoctial Colure 
paſſing through the middle Point, between 


the firſt and laſt Star of Aries, did then 
cut the Ecliptic in 8 6˙ 44”, it is evident, 
that the Equinox had then gone back-36' 
44 3 therefore, as 50“ is to one Year, ſo 


is 36* 44' to 2645 Years, which is the Time 


ſince the Argonautic Expedition to the Be- 
ginning of the Year 1690; that is, 955 


Years before CHRIST is the Ara of the 


Argonautic Expedition. 1 . 
55. BuT our great Author 1 is more n 


| cular and ſabtile in this Affair. He finds 


the Me an Place of 5 Colure of the Equi- 
noxes 
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xoxes and Solftices, by conſidering the! ſeveral 
Stars they paſs'd through among the- other 
Conſtellations , as follows; denn to 
hrus. 2 

5b. Is the Back of aries Ster of the 


6th Magnitude, mark'd. y by Bayer; in the 


End of the Year 1689, its Longitude was 
s 90 38' 45”; and the Eguinoctial Colure 
paſſing through, according to Eudoxus, cuts 


the Ecliptic in w 6* 58* 57”. 


57. In the Head of Cetus are two Stars 
of the 4th Magnitude, call'd , and E by 
Bayer. Eudoxus s Colure paſſing in the 


Middle between them, cuts the Ecliptic in 


s 6* 58' 51”, at the End of the Year 1689. 


58. In the extreme Flexure of Eridanus 
there was formerly a Star of the 4th Mag- 
nitude (of late it is referr'd to the Breaſt of 
Cetus). It is the only Star in Eridanus, 
through which this Colure can paſs; its 


Longitude was at the End of the Year 


1689 2522 10”, and the Colure of the 


Equinox paſſing through: 1t-cuts the 3 | 


tic in s'7* 12“ 400. 


59. Ix the Head of ae rightly * . 


lineated, is a Star of the 4th Magnitude, 
call d r by Bayer; its Longitude was u 2357 


25' zol at the End of the Year 1689 and 
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the Colore of the eren paſſing through | 


it euts the Ecliptic in u 6* 18' 57", 


60. In theRight Hand of Perſeus, rightly 
delineated, is a Star of the 4th Magnitude, 
whoſe Longitude at the End of the Year 
1689 was v 24 25 2%, and the Equinoc- 


tial Colure paſſir Ng rp it c the 
e 5 50 oy | 


WT i 58 57 
61. Now the Sum of all | s 6 58 $1 
theſe Places of the J W 7 12 40 
Colure, vis. | og! 6 18 4 - 3 


£54.39 48 


— 


"fs = 1 2 26 or. 
The sch Part of which is = 8 6 29,13 


which is therefore the Mean Plack, i in which 
the Colure in the End of the: Ven; 1609 
did cut the Ecliptic. R ag 

62. AFTER a like Manner he ads 
the Mean Place of the So//t:tral Summer Co- 
lure to be & 6* 28' 47”, which as it is juſt 
go Degrees from the other, ſhews it to be 
rightly deduced. - The Equinoxes having 
then departed 1*:6* 29' from the Cardinal 
Points of Chiron, ſſiews that 2628 Years 


have — fince that Time, which is 


More 5 
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more correct than the former N umber 


{ Article 55.1 ) though leſs by my en 
Fears. 


63. By ſome ather Methods, of a like 


Nature, he alſo ſhews the Ara of the: Argo- 
nauts ought to be placed in that Age of the 

World ; and having fixed this moſt antient- 
Epocha, he makes his Computation with 


Reference thereto 1 in the future Part af his 


Book. 
_— thus our ht Author has, 
with his uſual Sagacity, ſo conducted his 
Deſign, as to make his Chronology ſuit 
with the Courſe of Nature, with the Prin- 
ciples of Aftronomy, with Sacred Hiſtory, with 
Herodotus, the Father of Profane Hiſtory, 
and with itſelf. And though many have 
thought fit to cavil, and find great fault 


with his Chronology, yet, how little Re- 


gard ought to be paid to them may from 
hence appear, that Sir Jſaac Newton was 
undoubtedly. equal to any Man in all the 
common... Qualifications. f à Chronologi/t, and 
vaſtly: ſuperior to all in thoſe which were eſ- 
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ſential. Gentlemen ſhould have the Mos 


deſty not to criticiſe on the greateſt Man 
that ever lived, till they have convinced the 
Weng at eaſt, that n underſtand lim. 
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LE 0 T U R oo XII. wth 
The 2 of the Clone. 


Of *. nenne in Cond! ka IR 


of the SPHERE dferibild. The PosITrONs 


a of the SpnERE. The SOLUTION: of PRo- 


_ © BLEMS on tbe CELESTIAL GLOBE. ' The 
TRRTST RIAL GTLORH deſcribed. | Pro- 


 BLEMSs en the ſame. | Of the CONSTELLA- 
'* TIONS of the Northern and Southern He- 


MISPHERE. Flamſted's CaTALoGus of 


the STARS. Of the DisTANnce and other 


Phenomena f the: STars. | A Calcula- 
tion of the furprizing VzLociTY of LicnrT, 


© Of the ABBERRATION of Light, and the 


| Teleſcopic Mor o F the Stars by Dr. 


BraDLey. The Princip: ts of Gno- 


NIS, of Art 'of DratinG demonſtrated, 


by a' DrAliNe-SPHERE. Aſtronomical 


5 Doctrine of the SER E, and Method of 


calculating SpuERICAL TRIANGLES, The 


 HArvesT-Moon' explain'd. How to find 


4a MERIDIAN Live. The Frevrt and 
1 Pen, of the Earth determined by 
actual 


— 2 M. K. , bes w t0 


actual Menſuration of a DroREE under 
- the. Akcric CIRCI.E and at PARIS. A 


new CALCULATION on that Head. of the 
\ ORTHOGRAPHICAL - PROJECTION. © Of 
the; STEREOGRAPHICAL ' PROJECTION. 
We Globular Projection. Of Mzrca- 
 ToR's CHART, and a new Method of Con- 

firuting the Table of MtRIDionaL Parts 


by Fluxions. The Nature of the-RwomBr 


5 Ling; inveſtigated, and applied in Sailing. 


A new Mar of: the. WoRLD: on the Glo- 


5 bular Pr ojection. 175 A Map of tbe: LOUnN- 
try in Lapland where the Arch of the Me- 


ridian was meaſured by the Im e 8 

Mathematieians. 1 0 

IN this Laden 1 ſhall explain = UB 
of both the Globes, by giving a ſuccinct 
Account of the Nature and Deſign of 


each, and a Solution of the principal. Pro- 
blems that are uſl ually perform'd thereby. 


Eack Globe is ſuſpended in A General 


Meridian, and moveable (within an Ho- Ph. 
rizon) about its Axis, in the ſame Man- 
ner as the Armillary Sphere of the Orrery; 
and the Circles of that Sphere, already _ 
ſcribed, are laid on the correſponding Parts 

of the Surface of each Globe; and are 

therefore ſuppoſed to be known. 


Tux | 


2584 


. Uſe of the Gronms: 
Tux Surface of the CEizsTIAL GrokE 


is a Repreſentation of the Concave Surface 
of the Starry Firmament, there being de- 
| picted all the Stars of the firſt and ſecond 
Magnitude, and the moſt noted of all the 


reſt that are viſible. So that by this Globe 
we may ſhew the Face of the Heavens for 


any required Time, by Day or Night, 


throughout: the Year, in general; or in 
rern. as the Sun, 
on, Planet, or Fixed ta. 
Tux Stars are all diſpoſed into Conſtel. 
lations, under the Forms of various Ani- 
mals, whoſe Names and Figures are printed 
on the Paper which covers the Globe; 
which were invented by the ancient Aſtro- 


nomers and Poets, and are ſtill retained for 


the fake of Diſtinction and better Arrange- 


ment of | thoſe Luminaries, which would 
be otherwiſe too confuſed and promiſcu- 
ous for eaſy Conception, and a regular 


Method of treating on them (CXLV.) 


(cxl v. ) 1. The Surface af this CapsriAL GLoBe 
may be eſteemed a 45 and adequate Repreſentation of 
the concave Expanſe of the Heavens, notwithſtanding 
Ks Convexity ; for tis eaſy to conceive the Eye placed 


in the Centre of the Globe, and viewing the Stars on 


Its Surface, ſuppoſing it made of Glaſs, as ſome of them 
'are; andalſo, that if Holes were made in the Centre 


of each ny the Eye in the Centre of the Globe, 
| IN 


Le * — . 


them 


or regular Ideas or Notions of the Stars in reſpect of their 


which happen'd about forty or fifty Years after Sola- 
mon s Death. _ 1 FF 


duced to che Year 1437. Tycho Brahe rectified the Places 


De Uſe of the Gronks. 

Problems, it will be neceſſary to premiſe 

| y posted, would view through each of thoſe 
ſoles the very Stars in the Heavens repreſented by 


2. Becauſe it would beimpoſhdle to have any ditin&t 


Number, Magnitude, Order, Diſtances, c. without 
firſt reducing them to proper Claſſes, and arranging 
them in certain Forms, which therefore are call'd As rR- 
RISMSs or CONSTELLATIONS; this was done in the 
early Ages of the World by the firſt Qbſervers of the 
Heavens, and thoſe who made Spheres or Delineations ; 
of whom Sir 1ſaac Newt,n reckons Chiron the Centaur 
the firſt who formed the Stars into Conſtellations, about 
the Time of the Argonautic Expedition, or ſoon after; 
and that the ſeveral Forms or A/teri/ms were, as it were, 
fo many ſymbolical Hiftories,' or Memorials of Perſons 
and Things temarkable in that Affair. Thus Aries, the 

Ram, is commemorated for his Golden, Flesce, and was 
made the firſt of the Signs, being the Enſign of the Ship 

in which Phryxus to Colchis. Taurus, the Bull, 
with brazen Hoofs, tamed by Jen; Gemini, the 

Twins, viz, Caſtor and Pollux, two of the Argonauts; 
the Ship Argo and Hydrus the Dragon, Sc. Which all 
manifeſtly relate to the Affairs of that Expedition, 


3. By this Means they could make Catalogues of the 
Stars, record their Places in the Heavens, and call 
them all by their Names. Hipparchus is ſaid to be the 
firſt who framed a Catalogue of the Stars, which was 
afterwards copied by Pralomy, and. adjuſted to his own 
Time, AJ. D. 140. The Number in this was 1026. 
After this Uing Beigh made a Catalogue of 1022, re- 


of 1 ooo Stars; but his Catalogue, publiſhed by I on- 
anus, contains but 777, for the Year 70 Bayer 
publiſhed a Catalogue of 1160, Hevelius compoſed a 


the 


f , 6 | 
= : * 


in —— of the — Meridian towards 
either Pole,” North or South. | 
II. Rionr Ascensrons 18 "that * of 
the Equinoctial reckon d from the Begin- 
ning of Aries, which comes to che Meridian 
with the Sun or Sta. 
III. OnLrquz AsckxsTow is that Degree | 
1 the Equinoctial which comes to the ä 
Horizon when the Sun or Star is riſing: 
And Oblique Deſcenſſon is that Point which 
comes to the Horizon on the Weſt Part, | 
When the Sun or Star is deſcending or ſet- 
ting in an oblique Sphere. 
IV. AsckNSIONVAL DIFFERENCE is the 
Difference between the W and Obli que 


Aſcenſion. 


| Catalogue of 1888 Stars adj uſted. to the ya 1660. 

| But the largeſt and moſt compleat- of all is the Britiſh 

| Catalogue by Mr. Flamſted, containing about 3000, of 

| which ſearce 1000 can be ſeen by the naked Eye in the 
1 cleareſt and darkeſt Night. They are rectified for the 

| ' . Year 1689. They arediſtinguiſhed into ſeven Degrees 

| „ Magnitude, i in their proper Conſtellations; whoſe 
= Names, Latitudes, and Longitudes here follow, together 

| wich the Number of Stars in each, and of each particu- 
= lar Magnitude, as I have taken them from the third Vo- 
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lume of the Hi/toria Czleftis. Note, the firſt Latitude 
is South, the other North, in the Twelve Signs, unleſs 
marked to the contrary. 


V. Tur 


EP Whey the Giza . 


v. Tur Lonorrubn of the Sun or Star 
js an Arch of the Ecliptic, between the firſt 


Point of Arith, and that Point of the Eclip- 


the Meridian — through it; and is 
therefore reckoned in . ** an; af . 


the Ecliptic. 
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VI. Tur LATrirupz of à Star is its 
Diſtance: from the Ecliptic e he 


North or South Pole. 


VII. . homhick 
the Sun or Star fits or ſes, from the Eaſt 
or Weſt Point of the 'E yy x towards 


the North or South. 
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VIII. Azr- 


De Uſe of tb GtO⁰ 


VIII. Az eri is the Diſtance: between 
the North Point of the Horizon, and the 
Point where the Vertical Circle, paſſing 
through the 0 _ the a or * cuts 
the Horizon. 
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IX. Tux 3 of has * or i 


$ 
| 59 
> 


e Uſorof the C TY 
in the Degrees of the Quadrant of Altitude, 
or moveable-Azimuth Circle. 
XI A Star is ſaid to riſe or ſet Ofnical, 
WES when it riſes or ſets when the Sun riſes. 
3 | XI. A Star riſes er re he it riſes 
wer the Sun en 41 
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Tee Uſe of the Glonxs. 261 
XII. A Star riſes Heliacally, when it 
emerges out of the Sun- beams, and is ſeen 
in the Morning before Sun-rifing: And it 
ſets Heliacalh > when it is ſo near the 2 
that it cann t be ſeen. 6 
XIII. A Right Sphere 1s that whoſe Poles 5 LXV. , 
are in the Horizon and the Equinet 25 * 
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8. The, Uſe of ſuch 2 Catalogue of Stars is very great, ; 
for from hence we learn, (I.) If any new Stars at any 
Time appear, which have never been obſerved before. 

(4) If any Star, which now appears, ſhall in Time to 
dome diſappear. _ (3.) If the new Star which ſhall 
appear be the ſame with a Star that has diſappeared for- 
merly; and therefore, '(4.) If the Stars have any peri- 
odical Times of Apparition. Hence (g.) The Means 
ot Method of predicting the Appearing or Diſappearing 
of Stars. (6.) By. a Catalogue of the Stars we com- 
. pare. their reſpective Places, Situations, and Diſtances 
with Eaſe. (7.). By this Means we alſo compare and 
determine the true Places and Motions of the heavenly 
Bodies in general, ;and of the Sun, Moon,-Planets, and 
Comets in particular, with many other uſeful Purpoſes 
it ſexves beſides. | We | 
9. Now it e Fact, that ſome new Stars ap- 
pear, and that others diſappear; yea, that they change 
their apparent Magnitude, and — by Degrees. 
lipparebus the firſt of Men obſerved a new Star, (1 20 
Years before Chri/f) which occaſioned his making a 
Catalogue of the Stars. Another is ſaid to have appear'd 
A. D. 130; another A. D. 389; one exceeding bright 
in the gth Century, and another in the Year 1264. 

8 10. But the firſt ew Star, of which we have any 
* good Account, is that in the Chair of Calſſiopeia, firſt 

obſerved by Cornelius Gemma on the gth of November 

1572, and by Tycho 7 on the 11th. Sir I/aac 

Newton ſays it equalled Venus in Brightneſs at its firſt 
Appearance, and gradually declined'in jts Luſtre, till it 
totally diſappeared in the March following. This Star 
is fuppoſed to be the ſame that appeared in the Years 
gag and 1266, haying its Peripd about 310 or 3:0 
1, In Avg. 13, 1596, D. Fabricius obſerved another 
new Star in the Neck of the M hal-; and through the 
Ach Century this Star was obferved to appear and diſ- 
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Tie Uſe of the. Giions, 263 

XIV. A Parallel Sphere is that whoſe ' 
Poles co-incide with the Poles of the Ho- 
5 | a VVV n 


appear periodically, its Period being equal to Days. 
The Pine of this and the like Stars 5 Wppoted 
to be owing to the Spots on their Surface, which ſome- 
times increaſe, and ſometimes. decreaſe, in the Man- 
ner as we have obſerved they do on the Surface of our 
12. For that the Stars are really Suns, and have each 
a Syſtem of Planets, &c. about them, like ours, can 
be no doubt to thoſe who underſtand the Rules of Rea- 
ſoning rightly, as I have before obſerved, Annot.CXXXT. 
And therefore as they revolve about their Axis, thoſe 
Spots may Cauſe a great Alteration of Luſtre, and ſome- 
times wholly. obſcure them for a Time. But it is no 
Wonder if Bodies at ſuch a Diſtance ſhould have Ap- 
rances produced by Cauſes. quite unknown to us. 
Fee more on this Head in Dr. Long's Aftronomy. ' 


13. As to the Diſtance of the Fixed Stars, we had 
but ſmall Hopes of any Eſtimation of it, till Dr. Brad. 
y began his Obſervations on them with an Inſtrument | 
o very exact, as that he is of Opinion, if the-Parals * *' 
lax of a-Star. amounted to but one ſingle Second, he 
muſt have obſerved it; and therefore that ſuch a Star 

2 be above 400000 times farther from us than the 
14. For if S repreſent tbe Sun, T the Earth, A T B plate 
its Orbit, and R a Star at ſuch a Diſtance SR or T R, LXIII. 
that the Semidiameter of the Orbit. 8 1 ſhall ſubtend Fig. 4 
an Angle TRS.= 30%, or half a Second, den we fad © 

the Diſtance 8 R by this Analogy: I 7 


As the Tangent of the Angle TR$==30” = 4.371914 
Is to Radius © go* = 10,000000 _ 

$6 is the Sun's Diſtance — 8 Tr. 1 =" 01020000 
Jo the Diſtance of the Star SR==424 700 = ' 5:628086 

- T5. But the Diſtance of the SunST z=20000Semi- 

_ diameters of the Earth (ſee Anat. XX XIV; and 
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Te 97 * ks 


FEES or. Zenith and Nadir and the Equi. 
noctial with the Horizon; and all the Pas 
rallels parallel thereto. | f "IS 


, - * 
3 2 75 % — 
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hippabila SR =P R =) 400090 8 7. then is the Die. 
tance of the Star from the Earth TR=4o0000Xk 200008 
8000000000Semidiametersof the Earth, or 8000000000 
X 4000'= 32000000000000 Miles of Engliſh Meaſure, 
Hence it appears, that though the Velocity of Sound be 
ſo very great as at the Rate of 1142 Feet per Second, 
or 7000000 Miles per Annum, yet it would take up 
4571430 Years to paſs from the neareſt Star to us. A 
Cannon-Ball would take up twice that Time to paſs 
from us to the Star; (ſee Annet. XXV. 4.) yea Light 
itſelf, with the inconceivable Velocity of roo00000 
Miles per Minute, takes up more than 6 Years in com- 
ing from the Star to us. Therefore how immenſely 
great muſt thoſe Luminaries be, which appear ſo bright, 


Dit of ſuch different Magnitudes, at ſuch immenſe 


iftances ! RY 

16. The different apparent Magnitudes of the Stars 
are owing to their different Diſtances from us. Had 
we Teleſcopic Eyes, we ſhould ſee many more. Seventy 
Stars, and more, have been diſcovered in the Pleiades 
(commonly call'd the Sever Stars ;) and all that Tract 
of the Heavens call'd''the Milty Fay (or Galaxy) is 


well known to be owing to the Refulgence of a prodi- 


gious Multitude of Stars diſſeminated through thoſe Parts 
of the Univerſe, though at ſo great a Diſtance as to \. 
Inviſible to the naked Eye; yet are they diſcernible in . 
great Numbers through a Teleſcope, and more in Pro- 
portion as the Inſtrument is better. 


Hence likewiſe we account for that 8 8 


nomenon we call a rebulous Star, or cloudy, faintiſn 


bright Spots that appear like Stars in an indirect View; 
for in order to this you have no more to do than only 
to direR- a good Telescope to any one of them, and 
ou will be agrecably ſurprized with a View of a great 
; 7228 of very ſmall Stars, which were the EY 
* e 1 A to "Es naked Eye. h 
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XV. Ax Oblique Sphere is that, one of 
whoſe Poles is above the Horizon, and 
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18. To the very ſmall apparent Magnitude of the 
Stars we owe. their conſtant Tuintling; for being but 


| lucid Points, every opake Corpuſcle or Atom floating 


in the Air will be big enough to cover and eclipſe them, 


when they get in the Right Line between the Star LED 


and the Eye; which Alternations of momentary Occul- 
tations and Apparitions make the Twinkling of the 
Stars. we . 
19. 1 ſhall here give a fuller Account of the ſmall 
elliptic apparent Motion of each Star about its true 
Place, which I have already begun in a former Annota- 
tion. And in order to underſtand the Force of the Ar- 
ment, the following Repreſentations are neceſſary, 


viz, Let 8 be the Sun, A B CD. the Earth's Orbitz plate 


„ 


and from 8 ſuppoſe a Perpendicular erected, as 8 P, LX 


paſſing through a Star at P. Now if the Spectator were Fig. 5, 6 | 


at 8, he would view the Star in the ſame Perpendicu- 


lar, and in its true Place P, projected in the Point p in- 


the viſible Surface of the Heavens. But if the Specta- 
tor be carried about the Sun in the Circle A BCD, 


whoſe Diameter is ſenſible at the Diſtance P, or ſub- 


tends a ſenſible Angle AP C, then in the Poſition A 
he will ſee the Phenomenon P in the Right Line A Pa, 
projected in the Point a, For the ſame Reaſon in the 
Points B, C, D, the Star will appear in þ, c, 4; fo that 
it will ſeem to have deſcribed the little Circle a5 cd. 
20. If the Diſtance of the Star SP be ſo great, that 
the Diameter of the Earth ſubtends no ſenſible Angle, 
but appears as a Point, then will alſo the ſmall Circle 
a b cd become inſenſible; and all the Lines AP, BP, 
&c. may be eſteemed perpendicular to the Plane of the 
Ecliptic, and be directed to the ſame Point in the 


that in this Caſe the Star P would ever appear in the 


ſame Point . if Light were propagated in an Inſtant. _ 
21, But if in this very Caſe, in which the Star is ſo 
remote, Light be propagated in Time or with a certain 
Velocity, then ag the Earth deſcribes its Orbit a Spec- 
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Heavens with the Perpendicular SP, as to. Senſe, So _ 
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the other below it; and the Equinoctial 


kator will ſee the Star in an oblique Dine and not 
in r as we have formerly ſhewn : That 
is, if GF be a Tangent to the Earth's Orbit in B, 


* 
— 


and B E perpendicular to the Plane of the Ecliptic in 


the Point B, then while the Earth moves through the 
be ſmall Arch G B, a Star at E will appear 


to move from E to e, or to be in e when the Earth ar. 


. 1 
22. Now fince the Diſtance SB is but a Point with 
reſpect to the great Diſtance SP of the Star, it follows, 


that we may refer the Spectator from the ſeveral Points 
C. D, 


A, B, to the central Point 8, for- obſerving the 


Phenomena of the Star at P, which will not be aſtered 


thereby. Therefore if c be parallel to A C, and you 
make the Angle P Sq equal to the Angle E Be, tis 
plain the Star P muſt appear in a, in the Diredtion 8a. 
Alſo when the Earth is at D, the Star will be ſeen in 
the oblique Direction S c at e, the SpeRator being re- 
J .... „%%% 1K 
23. For the like Reaſon, viz. becauſe b d is parallel 
or ale ſituated in reſpect of D B, and to the Tangents 
in D and B, therefore the Star at P will appear in 4 
and ô when the Earth is at C and A; th Goring the 
Space of one Year the Star P will appear to deſcribe a 
imall Circle a deb, ſuppoſing the Star in the Zenith E 
of the Spectator; but if the Star be at any Diſtance 
from the Zenith, the ſaid ſmall Circle will become an 
% OE Pars 


24. Theſe ſmall elliptic Motions of the Stars oc- - 


caſioned their Declinations to vary, and alſo their Diſ- 


tances from the Poles of the World, and that by the 
Space of 20% on one Side and on the other. Now 
this could not happen on any account of Reſradion, 


becauſe the ſame thing was as well obſerved of Stars 
near the Zenith, where there is no Refraction, as elſe- 
where ſituated, _ Nor could it reſult from any Nutation 
of the Earth's Axis; for that would have made the 

ual Diſtances of the Stars on oppoſite Sides of the 
Pole unequal, which never happen LL. 
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here deſcribed are repreſented in ſo many Figures; the 


2. The ſecond Figure repreſents the Parallel Sphere, Fig. 2. 
where the Axis of the Earth P'S is perpendic to . 
the Horizon, or the Poles P, 8, are in the Zenith and 


Parts of the Earth under each Po - whoſe Inhabitants, 
if any there were, would perceive no circular Motion 


of the Sun, Moon, or Planets, nor any Motion of the 
Stars at all. But this muſt be underſtood of a Perſon _ 


have no real Motion, and conſequently. which can I 
* 3+ The Oblique Spbere is repreſented in ihe third Fg.. 
Angle PE O with the Horizon HO, of a greater or | 
of the Place. Hence it appears, that all the Inhabi- 

| 4+ The Arch P O meaſures the Altitude or Height e 
of the Pole, or what is commonly called the Pole's Wy — 


and its Parallels obliquely cutting the ſame 3B 
!!! 


25. Neither can this be a Parallactic Motion of the 
Stars; for then while the Earth deſcribed the Half of 
its Orbit ABC, the Star would deſcribe the Semicircle 
abc; whereas it is found by Obſervation, that the Star 
deſcribes the ſaid Semicircle a+ while the Earth de- 
ſcribes its Semi-Orbit B C D. (See Art. za, 23.) 
Therefore it muſt ariſe ſolely from the Velocity of Light 
bearing a ſenſible Proportion to the annual Moti of the 

(CXLVI.) 1. The three Poſitions of the Sphere PLLAV.. . 
firſt of which is the Direct or Right Sphere, which is Fig. 1. 
proper to thoſe People only who live under the Equi- 
noctial Circle Q, becauſe to them the Poles of the 
World P and $ will both be in the Horizon HO. 


— 


Nadir. This Poſition. of the Sphere is peculiar to the 


ſtanding preciſely on the Ends of the Earth's Axis, 
a ay, the only Points on the Earth's Surface which - 


produce. no apparent Motion. 
Figure. In this the Axis of the World PS makes an 
lefler Number of Degrees according to the Latitude 


tants of the Earth have ſuch a Poſition of the Sphere, 
except thoſe under the Eguinactial and the Pals. 
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f my Arches E Z PO; which was to be ſhewn. 
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Tux Problems on the Celeſtial Globe are 
the following. 7 "8, 
4- ZP = (XP = Quadrant =) ZP+P 0 203 


if therefore from the two equal Quadrants PO 
you ſubduct the common Part or Arch ZP, the re. 


c. Hence appears alſo the Reaſon of the Method of 
rectifying the Sphere or Globe for any given Place Z, 


or Latitude AZ, viz. becauſe if the Pole P be ele- 
vated ſo high above the Horizon as the Place is diſtant 


from the Equator, the ſaid Place will then be the higheſt 
Point of the Globe, and e e that to which 
alone all the Phænomena of the Heavens and the Earth, 


in ſuch a Poſition of the Globe, can agree. 


6. Hence alſo we obſerve, that the Complement of 
the Latitude Z P is equal to the Elevation of the Equa- 


tor A H above the Plane of the Horizon. For 2 


+ZP= (AP=ZH=)ZA+ AH; therefore 
ſubduct the common Part E Z, and there remains on 
each Side ZP = AE H; which was to be ſhewn, 


Whence the Angle Z EPS EE H. 


7. Any great Circle of the Sphere paſſing through 
the Zenith and Nadir Z and N, as Z EN, Z AN, 
are called Azimuths or Vertical Circles; of which that 
which paſſes through the Eaſt and Weſt Points of the 
Horizon, as Z E N, is call'd the Prime Vertical. The 
Arch of the Horizon A E is the Amplitude of a Phæ- 
nomenon emerging above the Horizon at the Point A; 


this is call'd the Ortive Amplitude, becauſe it is rifog: 


as on the Weſtern Side it is call'd the Occaſive Anpli- 
tude, becauſe it is there ſetting. The Arch A B mea- 


| ſured by a Quadrant of Altitude Z A is the A.titude 


of any Celeſtial Body at B, above the Horizon, _ 
8. As judge this a proper Place, I ſhall here explain 
the Philoſophical Principles of GNnomonics, or the Art 
of DiaLLING. In order to this we are to conſider, 
that as the Time which paſſes between any Meridian's 
leaving the Sun and returning to it again is divided into 
24 Hours, fo if we conceive a Sphere to be conſtructed 


PRO 
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ELEVATE the Pole to the Latitude of 


the Place, and every thing as directed un- 


vith 24 of theſe Meridians, the Sun will orderly come 
upon or be in, one of them at the Beginning of every 
Hour. Such a Sphere may be repreſented by the Fi- 


gure PD S B, where the ſeveral Meridians are repre- P1.T,xy. 
enced by P 1 8, P28, P38, and fo on to twice 12, Fig. 4 


or 24 in all. 1 __ 1 1 

9. Since theſe Meridians divide the EquinoQial into 
24 equal Parts, each Part will contain juſt 155, becauſe 
15 X 24 = 360˙ = the whole Circle; and ſince all the 
Meridians paſs through the Poles of the World, the 
Planes of thoſe Meridians all interſe& each other in one 
common Line 'P'S, which is the Axis of the Sphere, 
therefore the ſaid Axis P'S is in the Plane of each of 

JJ 8 . 

10. Suppoſe Z to be the Zenith of any Place, as 
Linden, and DW BE the Plane of the Horizon fixed 
within the Sphere, conſtructed with the ſaid 12 Meri- 
tians or Hour-Circles, 1,1, 2,2, 3,3, 4,4, Cc. then will 
the Axis of the Sphere P'S paſs through the Centre of 


| the Plane at N, fo that one Half NP will be above the 


Plane, and the other Half N S below it. 5 
11, Suppoſe now this Dialling- Sphere to be ſuſpended 
by the Point Z, and moved about ſo as to have the 
Points D and B exactly in the South and North Points 
of the Horizon, a and W in the Eaft and Veit 
Points; then will the Sphere have a Situation every 
way ſimilar to that of the Earth and Heavens with re- 
ſpect to the given Place Lend, and the Axis of the 
Sphere to that of the Earth. 5 
12. Therefore the Sun ſhining on ſuch a Sphere will 
be attended with all the ſame n and produce 
all the ſame Effects, as would happen if the ſaid Sphere 
were at the Centre of the Earth, or the Centre N of 
the Sphere coincided with the Centre of the Earth; 
becauſe the Diſtance betwixt the Sur face and Centre of 
the Earth is inſenſible at the Diſtance of the un. 


der 
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mme Eaftern Hemiſphere, and from Noon to 
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13. Now tis evident, as the Sun revolves about ſuch 
a Sphere, it will every Hour be upon one Half or other 
of the 12 Hour- Circles, viz. from Midnight to Noon 
it will be on thoſe Parts of the Circles * in 

e and fro o Midnight it 
will paſs over all thoſe in the Y/eftern. It is allo far- 


ther evident, that while the Sun is in the Eaſtern He. | 
miſphere it will be firſt below and then above the Plane 


of the Horizon, and vice ver/a on the other Side. 


14. Again: When the Sun is upon any one of theſe | 


Hour-Circles, by ſhining upon the Axis it cauſes it to 
caſt a Shadow on the contrary Side, on the Plane of the 
Horizon, on the nether or upper Surface, as it is below 
or aboye the ſaid Plane. This Shadow of the Axis will 
be preciſely in the Line in which the Plane of the Hour. 
Circle would interſect the Plane of the Horizon: If 

herefare Lines were drawn through the Centre N, 
joining the Points on each Side the Plane where the 
Hlour-Circles touch it, as 4N4, 5N5; 6Ns, c. the 
Shadow of the Axis will fall on thoſe Lines at the Be- 
ginning of each reſpective Hour, and thereby indicate 
the Hour-Circle the Sun is in for every Hour of the 
Day. . 8 a e 
15. Theſe Lines are therefore properly call'd Hour- 
Lines; and amongſt the reſt, that which repreſents the 
Hour of 12 at Noon is NB, half the Meridian-Line 


DB; whence it Appears, that the Hcour-Lines N 1, 
N 2, N 3, &c. which ſerve for the Afternoon, lie on 
the Eaſt Side of the Plane, and are number'd from the 
North to the Eaſt; and on the contrary, 

16. It alſo appears, that as the Sun's Altitude above 
the Plane is greater or leſs, the Number of Hour-Circles 
the Sun will poſſeſs above the Horizontal Plane will be 
alſo greater or leſs. Thus when the Sun is at S in the 
Equinoctial, its diurnal Path for that Day being the Equi- 
noctial Circle itſelf E QW, tis plain, ſince the 
Arch ZE = E Q, the Sun will apply to fix How: 
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Circles valine hs 8 pay: to * 5 3 in > | 
Half of the Day; and conſequently, that on that Day 
the Shadow will occupy but 12 of the Hour-Lines on 
each Surface of the Plane, beginning and endiag at Pry 7 
17. But when the Sun is in the I ropie of Canter, its 
diurnal Path for that Day being the Tropic itſelf TC 
RF, 'tis manifeſt the Sun in the Forenoon aſcends above 
the Plane in paſfing between the Hour-Circles of 3 and 
4 in the Morning, and deſcends below it in the After- . 
noon between the Hours of 8 and 9: Therefore on the 
Summer-Tropic the Shadow will paſs over 16 of thoſe - 
Hour-Lines. And 82 verſa, when the Sun is in the 1 
Winter- Tropic at O, its Path being then OG IH, it 
riſes above the Plane detween 8 and 9 and: * it N 
between 3 and 4. 
18. From what has: horns ſaid de, iind thn #Pt. Lxv. 
the Circles be ſuppoſed removed, and only the hori- Fig. 5. i 
zontal Plane remain, "with the Half of the Axis NP 
above it, in the ſame Poſition as before; then ſhould we 
have ' conſtituted an HoRIZONT AL Diaz, every way 
the ſame with thoſe in common Uſe, as repreſented. in 
the next Figure, with only the Addition of a * 
an to render the Style NP very firm. 
Hence appears the Reaſon why the Gnomon oc 
Style N P in thoſe Dials is always directed to the North 
Pole, and always contains ſueh an Angle PN O with 
the Hour of 12 N B as is equal to the Latitude of the 
Place : Laſtly, the Reaſon why the Number of Hour- 
Lines on theſe Dials exceeds not 16, and are all drawn 
from 6 to 12 and 6 again on the Northern Part, the 
| reſt on the Southern; and why the Hour-Line of 6 
les direQly Eaft and Wy „ as that of 12 does Nerth 
and South. 
20. IE Plane he fixed! with che ume Sphero im» pig, 6: 
Vertical Pofition, or perpendicular to the Horigon, and | 


or pe 
coinciding wich the Plane of the Prime Vertical, i. e. 
8 Ful South and North ; then will the Axis P S 


FIND = 


Pl. LXV. 
Fig. 7. 
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. Find the Day of the Month in the Ca- 


een on the Horizon, and right againſt 


it 1s the Degree of the e Wane the 
| Sun 1 is in for that Day. fs wolod'es 5 | 


1 34 x p 
- by * ? 5 i T% ; 2 


ill BY 3 = Centre of. the 3 N, pane FY 
lower Semiaxis NS will by its Shadow mark out. the 
Hour-Lines on the Southern Surface, and the up 
Semiaxis NP will do the ſame on the Northern. Theſe 
Hour- Lines are determined in the ſame Manner as 
thoſe on the Horizontal Dial; and it is plain, the Sun 
cannot come on the Southern Face of this Plane before 
Six in the Morning, nor ſhine on it zalter Six an the 
er rip 


21. Allo it is is Hs why, that . 4 tae WE ps Six 


in the Morning, and after Six at Night, will be ſhewn 
on the Northern Face or Side of this Plane, for the 


Time of the Sun's being above the Horizon in any 
Place. Hence the Reaſon of a Direct South and Narth 


Vertical Dial eaſily appears; the latter of which is here 


repreſented apart from the Sphere, with its Style N 8, 


Subſtyle, and Hour-Lines: And the ſame may be con- 
ceived for a North Eredt Dial. 

22. The Guamm NS contains an Angle SND= 
Z NP with the Meridian or Hour-Line of 12, Vis; 
Z D, which is exactly the Complement of the former 
PN B to go Degrees; or the Elevation of the Gnom 
is in theſe qual to. the Complement of the Latitude of 
the Place: And what has been ſaid about the Reaſon 
of the Hour-Lines is the ſame. for the Half-Hours, 
Quarters, c. Likewiſe if the Retionale of a Dire# 
South: Dial be underſtood, nothing can be difficult to 
underſtand of a Dial which does not face the South or 
North dire&ly, but declines: therefrom any Number of 


Degrees towards the Eaft or Weſt. But they. who 
would know more of the Mathematical Structure and 


Calculations for all Sorts of Dials, may have Recourſe 
to the Second Volume of my Young Trigenowcter, 1 (oxides 
or other Books on Subject. 8 
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nth, lay it over the Sun's Plac 
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' PROB. III. To: fond the. Sur's:Dgcr- 
NATION; * 4 . 5 | . » «Wer X 


1 


RECTIFY. the Clobe, fed 8 Sun a 


Place in the Ecliptic to th 


Meridian, and 


that Degree which it cuts i in the Meridian, 


is the Declination require. 


PROB. IV. To find the r, kor, As- 
ENI! ?- | 


4 > C3 q 3 1 5 


BrinG the Stin's Place to ah Meridian; | 
and the Degree in which the Meridian cuts 
the Equinoctial is the Rag Aſcenſion r. re- 


quire eds „ 71 
PROB. v. To fad the Sars OY 


Hans the Suns! Place to _ W 
and. the Arch of the Horizon between it 


and the Eaſt or Weſt Point i 1s. the Anf | 


tude, North or South. 


P ROB. VI. To find the 8 PR” de 


for any given Day and Hour: 


BrinG, the Sun's Place to the Makin; ; 
ſet the Hour-Index to the 


given Hour, where let it ſtand z then ſcrew- 
ing the Quadrant of Altitude in the Ze- 
e and the 
Arch contained between it and the Hori- 
zon will give 8 5 De i 
quired. 5 

Vor. ul. 


1 er XII. then 
turn the Globe till the Index points to the 
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for any Hour of the Days + 
Dvery thing being done as in the laſt 


Problem, the Arch of the Horizon con- 
tain'd between the North Point and that 


where the Quadrant of Altitude cuts it, 


is the Azimuth Eaſt or Weſt, as required. 


PROB. VIII. To find the Time when the 
Sun riſes of ſets : 
Fm the Sun's Place for the given Day; 
WES it to the Meridian, and fet the Hour- 
Hand to XII. then turn the Globe till the 


Sun's Place touches the Eaſt Part of the 
Horizon, the Index will ſhew the Hour of 


its Riſing: After that, turn the Globe to 


Es and _ the Hour-Hand to — then turn 
6 the 


the Weſt Part of the Horizon, and the In- 


dex will ſhew the Time of its ra, for 
| the given Day. 


PROB. IX. To find the Deng of an 
given Day or Night: 
IIS is etfily known by taking 


the Num- 


| ber of Hours between the Riſing and Set- 
ting of the Suh for the Eength of the Day; 


ané the Reſidue to 24, for the Length of 


1 the Night. 


PROB. X. 75 find the Hour of the Di 
freer er Sun Altitude | MOR 
Bxrwe the Sun's Place to the Meridian, 


PRO. VII. To find the San Azriotn 


The Uſe of the Gros. 
the Globe in ſach Manner, that the Sun's 


Place may move along by the Quadrant 


of Altitude, (fixed in the Zenith till it 


touches the Degree of the given Altitude; 
where ſtop it, and the Index will ſhew on 


the Horary Circle the Hour required. 
PROB, AA. To find the Place of the Moon 


or any PLANET, for any given Bere 
Tha Parker's or Weaver's E 


and againſt the given Day of the Month 


2 will find the Degree and Minute of the 
Sign which the Moon or Planet poſſeſſes at 


| Noon, under the Title of Geocentric Mo- 


tions. The Degree thus found being mark'd 


in the Ecliptic on the Globe by a ſmall 
Patch, or otherwiſe, you may then proceed 


to find the Declination, Right Aſcenſion, La- 
titude, Longitude, Altitude, Azimuth, Rijfing, 


Southing, Setting, &c. in the ſame Manner 
as has been ſhewn for the Sun. 


PROB. XII. -To explain the Phenomena | 


of the HarRvesT-Moon. 
In order to this we need only confi ider, 
that when the Sun is in the Beginning of 
Aries, the Full Moon on that Day muſt 
be in the Beginning of Libra: And fince 
when the Sun ſets, or Moon riſes, on that 
Day, thoſe Equinoctial Points will be in 


the Horizon, and the Edipfic will then be 
” 5 3 8 
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leaſt of all e beet 9 a 1 


13 Degrees, will take up about an Hol f 


is ſetting, have the greateſt Inclination 4 
the Horizon; and therefore 13 Degiß 1 

will in this Caſe ſoon aſcend, vis. in about 

a Quarter of an; Hour; and ſo long af 


after the Full: Whence, at this Time 
the Vear, there is much more Moon-Li 


Harveſt. Moon, the- Hunter's or ee 
Moon: All. Which will Wee 9e 
* Globe. 4 


| till the Index points to the given Hou 3 
then will all the upper Hemiſphere of «th 
obs e * viſible * of the lier 
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which the Moon deſeribes in one Day 


and a Quarter aſcending: above the H 
zon; and therefore ſo long will best 
Time after Sun- ſet, the next Night, be fei 


the Moon will riſe. But at the oppulitg 


Time of the Year, when the Sun. is in th 
Autumnal, and Full Moon in the Yeu 
Equincs, the Ecliptic will, when the Sun 


Sun-ſet will the Moon riſe the next D 


than in the Spring; and hence this 


3 


tumnal Full Moon came to be call dA 
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vens, and all the Sian: on the Globe will 
be in ſuch Situations 8 exactly correſponct 
to thoſe in the Heavens 4 which may there- 
fore be eaſily found, s wlll be ſhewn. 
PROB. XIV." Tor finds Hour ohen any 
noton Star ill e g Come ipin the 
Meridian: 5 255 | on « _— 
RECTIFY. the. Globe, and ſet he Index 
to XII.; then turn the Globe till the Star 
comes to the Horizon or Meridian, and the 
Index will ſhew the Hout require En > 
PROB. XV. Ta f at dohat Ein- 97 
the Year any. give Star will iS on the 
Meridian at; N L. Ne: N 
BRING the ; c ne and 


teen what Degree | of the Ecliptic is on 
the North Meridian under the Horizon; 
then find in the Calendar on the Horizon 
the Day of the Year, n that De- 
gree, GK it will be che 3 Hg Dog : 
. 


nde 2 * 1 


T6108 r 
(CXLVII.) 4 ſhall here ripreſen the Caſes of 
theſe Aſtronomival Problems, as they are performable 
by the Circles of the Celeſtial Globe, or by: the Stere- | 
greg Projection of the Sphere in Plaid. Ss, ; 
Let N Oscbe the General Meridian. ig Plat BA 
NS. the Axis of the 8 hers. 90 n Js Fr. 
E the Equinoctial RE: 1-4) a J * 


C yy the Ecliptic, or Sun's Path. x7 & on 
2 the Prime Vertical, or Azimuth. 


6:2 Tuer 


HO the Horizon of Losd on. 1 1 4 8 =_ 


4 » 
. - 

\ LE +5 5 

v.35 
” 
. : * 
- 7 
#*© 
- 
5 
. 


1 oCiock, becauſe the Hour -Cirele of Six is projected 


hi Uſe f en.” 


er are the chie 


f Problems. on "ak on 


ca Globe: W nom proceed to thoſe | BY 
EP the Axis of hs Edliptic. Te 
NAS an Hour-Circle or Meridian. „„ 
Z AD an Azimuth Circle. - „„ 
 EYPaCircle of Longituddde. | * 
95 I 25 the Tropic of Cancer. oye Of £3 
if the Tropic of Capricorn. 
| 2. By Means of theſe Circles various 8 Tri. 
a are formed for Calculation, Thus let A be the 
Place of the Sun in the Ecliptic ; then in the Right- | 
angled Triangle AX C we have _ 
© A the Sun's Place, or Longitude from the Equinox, G 
A X the Sun's. Declination North. 
C the Sun's Right Aſcenſton. 
ACX the Angle af Obliquity of the b 
3. And ſuppoſing the Sun riſing in the Horizon at A 
M on the Day of 2 Summer Tropic, and N MS an of 
Hour-Circle ; "then there is formed the Right-angled 2 
Trian le NOM, in which we have T 
O= AE = the Latitude of the Place Z. 


MO the Amplitude from the North. 
NM the Complement of the Sun's Diclination R M 
. ON M the PI 6 the Hour from Midnight. 
OMN che Angle of the Sun's Fei. 


4 On the ſame Tropical Day the Sun is at I at Six 
upon. the Axis N CS; therefore in * * 7 


| Fan Ic K we have 


IK the Sun's Mtitude at Six. e a 
| CK the ee frm the Ealt . + 
L the Decdonation North.  *'| © At 
- TICK the Latitud- of the Place. '  __ 


5. Again; when eee eee 2 


the Prin: Vertical Z C, his Place when due Eaſt and 


5 8 Vis at G; therefore in the waer Es i 
| BC we have TR” 
G the Sun's Declination North. | 45 


1 the Sun's Altitude 9 Eat ae Web, 


on 


* 


. R 


Ix 
ed 
ed 


n 


 Harxyg5T-Moon, is gx wraaens Fas by the Ge, 


The Uk of the 8 | 


on the Terreſir ial; but ſhall firſt premiſe 
the following Definitions relating thereto. | 


| BC the Hour of bis 1 due Eaſt or Web. 
BCG the Latitude of the Pl Gen. *- 
6. du ppoſe the Sun in the Horizon at M once more.3 
then in the Right-angled Triangle MC R we have 
CM the Amplitude from Eaſt to Weſt. 
M R the Declination North. | 
CR the Aſcenſſonal Difference. 
R CM the Ci-Latitude of the Place. 
R M C the Angle of Poſition. 
7. In the oblique Triangle A Z N we n 
7 N the Co- Latitude of the Place Z. 
A] N the Co- Declination. 
A 2 the Complement of the Altitude A F. 
AN the Hur from Noon, equal to A * 
AZ N the Azimuth from the North. 
5 7 a ſame may be done for any Star at A, or any 
other P | 
8. Laftly, let Y be any Star, then in the oblique 
Triangle N E we have 
E the Co- Latitude: of the Star, via. Y K. 
Y E the Co- Declinatien of the Star. 
NE = A = the Obliguity of the Ecliptic. 
NEY the Star's Longitude in the Ecliptic. 
ENY the Fine fer Ki dnight. | 
9. For the Canons and Method of Calculation I ſhall | 
refer the Reader to the Second Volume pf my Young. 
Trigonqmeter's Guide, what I have done being as much - 
as the Nature of the Suhje&t at preſent requires :- And 
thaſe who bee no Globes may ſolve moſt of theſe (and 
many other N by a 4 Synopſis Scientic Cœleſtis, 
4 F n n 
eſs. | 
10. The Reben of the Phenemengn. wo > call the 


may alſo be repreſented in a iagram thus. 
be the Horizon, Q. the br 
be the Ecliptic, when thi Beginning 


o 


Plate 
LXVI. 


| Fig. 3. 


ns 


Oo WY * 
7 N WY ' 
* | 
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; ; 
af aff * 124 
8 7 


pk the Shadow A C touches any one Circle, there make 
8 1 COM lg | 4 7 55 | 
1 oe 


I. Tur LArrropz of any Place is its 
Diſtance from the Equator towards either 


75 8 
8 

* 

*. 


* 


Weſtern Hotizon ; but when the other Equinox is 
there, t R will be the Poſition of the Ecliptic. On the 
Vernal Equinox if à Full Moon happens, it will be at 
C in the Eaſtern Horizon at Riſing; in one Day the 
Moon will deſcribe the Arch Ce; wherefore the. fol- 
lowing Night ſo much Time, will intervene between 
Six o'Clock and the Hour of the Moon's riſing, as is 
ſpent in«the Motion of the Globe while the Arch Ce 


is aſcending above the Horizon. 


i a , 


FI * 1 


. » ; 7:4 4 


11. Whereas at the oppoſite Time of the Year, 
viz. at the Autumnal Equinox, if a Full-Moon happen, 
then the next Night the Moon's diurnal Arch to be ele- 
vated above the Horizon is Cb = Cc; but ſince the 

| Poſition of C is fo much nearer to the Horizon than 
Cc, it will aſcend much ſooner above it, viz. in about 
one fifth Part of that Time, and ſometimes in leſs, 
becauſe the Moon's Orbit ſometimes. makes a greater 
Angle with the Horizon than TX: CHS a Ce, and. 

ſometimes a leſs Angle than f C Ha CB. But, for 
more on this Subject ſee, my Pbileſaphical Grammar., 


12. Becauſe in many Caſes it is abſolutely neceſſary 
to have a MERERIDTAN-LiNE at hand, I ſhall here ſhew 
the beſt Way of making or drawing ſuch a one on any 
Plane where the Sun can ſhine, thus. Let a ſtrait 
Braſs Pin or Steel- Wire AB be fixed upright in the 


7 8 « 
. 


Point A, on Which Point as a Centre you had before” 
deſcribed ſeveral concentric Circles, as C DE, FG H, 
Se. Now to make the Pin A B exactly perpendicular, 
let three Points be choſen in the outmoſt Circle, as F. 
G, H, in Which place one Foot of the Compaſſes, and 
extend thé other to the Top of the Pin B. The Pin 
is to be bent one way and the other, till the ſaid. Point 
of the Compalies wil fall nicely on the Middle of the Top 
B from egch Fojpt of the Circle F, G, H, and then 

25 is the Pin well adjüſted. FFF 


F 


13. Then" abſerving in the Forenoon where the Top 


& £% ha 
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pole; and is reckoned in P. grees | of. the 5 
General Meridian, E at the Equa- 


r 3 Ie. 1 


tor: 41 
II. Doe uy iS the Diltarice between 
the Meridian of any Place, ant the firſt - 
or ſtanding Meridian, reckoned in the 
Degrees of the Equator tow 155 the Bolt 
or Weſt. e 
III. A cimATE is a spabe ef the Farth's 
gutface, parallel to the Equator, where the 
Length of the Day 1 is half an Hour longer 
in the Parallel which bounds it on the” 
North, than in 1 that Which terthinates it 
on the South. . 
IV. A 2646-4 is „ alſo * a 4 Bintec of Tor 
Earth's Surface parallel to the Equator, in 
regard of the different Degrees of Heat and 
Cold, which we have ene in the 8 


1 4 0 
ding L. Lecture. LAGORTT IAN 1805 4 
% N A D ; 1 | ; ts 455 8 FN ' 4 oh. , 
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2 Mark, as at ©; and then in the Afternoon make a+ 5 
Mark at E, where the Shadow's P Fane. is in the ſame; 
Circle again. * hen biſect the Arch CE in the Point 
D, through which and the central Point A draw the 
Line AD, and it will be the Meridian Line required. 
If this be done in ſeveral Circles, the Operation will, 
de the more exact and certain. = 
14. I have here added the Fig ures Joft the Celeſtial pf Tue 
nd Terreſtrial Globe, with all cs principal Circles and r 
heir Names, as they ate, rectified for the Latitude of Fig. 4, 5. 
anden. Note, Theſe Globes I now mals from the late 
Ir. Senex's Plates, of 3, 9, 12; 17, and 27 Inches dia. 
eter, and with many new AIP, dec, and 
q mprovements, | N 

v. THE 


2 82 2 
* . Wen 


other; and the Seaſons of the Tour are 
a e 1 


VIII. Awe oe 1 the Tor: 
rid Zone are called AMenisc11, beeauſe their 


Noon to one, it is Midnsght to the other; 
. the Length of Days to one is the Comple- 


the Equator on different Sides ; have the 
contrary Poles equally elevated; the Neon 


Te Uſe of tho Gios. 


V. Tux AnTazct are thoſe Inhabitants 


of the Earth who live under the ſame Me. 
ridian, but on oppoſite Parallels, and are 


therefore equally diſtant from the Equator. 
Their Noon and Midnight are at the ſame 
Time; the Days of one are equal to the 


Nights of the other; and their Seaſons of 


the Year are contrary. 

VI. Tux Peziopc are thoſe People who 
live under the ſame Parallel, but oppoſite 
Meridians. The ſame Pole is elevated and 
depreſs d to both; are equally diſtant from 
the Equator, and on the ſame Side ; when 


ment of Night to the other, and the con- 

trary, and the Seaſons of the Year are the 

ſame to both, at the ſame Time. _ 
VII. Tux ANTIPoDEs are thoſe who live 


Feet to Feet, or under oppofite Parallels and 
Meridiaus. They are equally diſtant from 


of one is Midnight to the other; the longeſ 
Day or Night to one is ſhorteſt to the 


Sach fall on both Sides of chem. 


1% 


* e e the Gromms, 
8 IX. Tuosz of the Ff Zane ars called 
„ paxiscir, becauſe their Shadows Tall * 
e ¶ around them. 
r., X. Axp the inhabitants of the Thins 


e rate Zones are called HeTeRroscn, | cauſe 1 


they caſt their Shadows only ons way. | 
ff XI. A ConTINENT is the largeſt Dieilen 
or Space of Land, comprehending divers 


0 countries and Kingdoms, not parted 
te by Water. 

ad XII. An IsLanD is any amel Tract of 
m Lan ſurrounded by Water. 4 

en XIII. A PRNINSULA is a Part of Land 
T; 

le- 

n- 

he 


encompaſſed with Water all around, ex. 
cept on one Part, which 1 is called N 
XIV. Ax Isruuus, being F1 
Neck of Land which j Jous it to the, 
nnen. 57; 
XV. A a Tens: is a mountainous 
Part of Land ſtanding far out in the Sea x 
whoſe Fore-part is call d a Cape or Head: 
Land,” 4 
XVI. Tux On is che 1aiweſt; Col- | 
kRion of Waters, which lies berweon, and | 
environs. the Continents... Ne 
XVII. Tus SEA is a ſmaller Part of the 
aqueous Surface of the Earth, inter 
rl the Iüande, Prowantaries, Gr. 


284 


ſmall Part call'd $277 ys 
2 XIX. A STRATE: "which | 18 dt Harbin 
Paſſage joining it to the adjacent Sea. 2 


of cho ids F 


Kn * 1 tlie Sea N 


where envirò 


XX. A TAKE is any large Quantity of 


ſtagnant Water entire furrounded bf 


0 SOLEDELINLD n W | 
TI other Parts of Land b r Water need 
no ICON. Ye 5 F 
"$65 T5468"! r * „„ E 85 HN | 


T SHALL now Perg to „te Soffition 
of tlie moſt uſeful Problems on the Terreſ. 


trial Globe, firſt p premiſing that the Latitude 


of a Place is equal to the'Elevation of the Pol 
af that Place; for if the Arch of the Me- 
ridian between the Place and the Pole be 
added to the Latitude of the Place, it makes 

eg rees ; allo Ir it be added to the 
ole Arch between the Pot 
. — nt [Suh 18 90 Degrees: 


Whence the 1 18 W e 
85 «|, PRO. I o: 


„ 1 S - ORF 3% 
1 Place: 9d edit £ dirk N 217 Fr 10 1% 430% 


Bxing the given Place to the Brazen 
Meridian and obſerve What Degree it is 


under, for that is the Latitude required. 1 


o 


PROB. IIC T 


2 the Globe for any 


Place. e 


RAlsR 


Ray e Pele 6 neh e the Hori- 
zon, as is equal to the Latitude of the 
place; — the Quadrant of Altitude in 
the Zenith, find the Sun's Place, and bring 
„it to the Meridian; ſet the Hour-Hand to 
; the upper XII.; and place the Globe North 
| and South by a Needle; then is it a juſt 
/ Repreſentation of the:Glabe:af: the Earth, 


0 in regard of thatPlave, for the ee 
N at Noon! » bits 1 MIX 5 
PRO B. III. To fad the Longitude of a 
1 given Place: i 1811 ip HGH 
| BRING the Place to the Biden Meridian, | 


M and obſerve the Degree of the Equator un- 
" WW dr the ſame, for my expreſſes the n 
tude required. 
Ur IV. ee Place: a the La 
: titude and Longitude ginn nat. - 
Bane: the given Degree of — 
to the Meridian, and under the given De 
gree of W in — _ Gs re- 
quired-. 80 
PROB. v. To find all thif 6. Ses which 
have the ſame Latitude and. Longi tude 
with thoſe: of any given Place: 
.  BrixG the given Place to the Midi 8 
e all thoſe Places which lie under the 


Meridian have the ſame Longitude: 1 5 
turn the Globe round on its Axis; 5 all 4 
| thoſe. 


and : The Uk of tbe Wen 
| thoſe Places, which paſs under the fame 


| Degree of the Meridian with any given 


hn have the ſame Latitude with it. 
PROB. VI. To find all thoſe 8 

5 it is Nom at any given Haar of the 
Day in any Places > 
Ban the given Place to _ Meridian 

{ the index to the given Hou turn 

 , the Globe, till the ſaid Index 3 to the 
AAupper XII.; and obſerve what Places lie 

under the Brafs Meridian, for to them it 
is Noon at that Time. 

FRO B. VII. #hen it is Noon af KA 
Place, to. find what Hour it is at ay 
other giwen Place: 

BRING the firſt given Place to the Me- 
Tidian, and ſet the Index to the upper XII. 
then turn the Globe till the other given 

Place comes to the Meridian, and the In- 

dex will point to the Hour required. 
PRO ZB. VIII. For any given Hour of 
the Day in the Place where ' You are, 1 
ſod the Hour of the Day . other 

"Place. 

Bade the Place where you are to the 
Meridian, fet the Index to the given Hour; 
then turn the Globe about, and when the 
2 3 e e * In- 
| der 


j 
# 
: 4 


7 


6+ 5oQ = 


it 


| dex will 1 ſhew the Ho ” the vy there, | 


as required. 

PROB. Ix. 75 fd the Befun- e 
any taub Places % de Globe ne 
Miez: 

BRING one Place to the Meridlau, over 


which fix the Quadrant ef Attitude ; and 


then laying it over the other Place, count 
the Number of Degrees thereon contained 
between them ; which Number multiply 
by 69 and a Half, (the Number of Mites 
in one Degree) and the Product is the 


Number of Engliſb Miles required. 


PRO B. X. n one Place bears 
from another : 


BRING one Place to the Brafs Meridian, 


and! ay the Quadrant of Altitude over the 


jm ies and it will ſhew on the Horizon 

the Point of the Compal on which the 
latter bears from the former. 

ROB. XI. To findthoſs Places to which 

ye Sun is vertical in we Tt ofHid "Te, for 

given Day : 

ip the Sun's Place in 0 Bel 


iptic i 


| the given Time, and bring it to the Meri- 


dian, and obſerve what Degree thereof it 
cuts; chen turn the Globe bout, and all 
thoſe Places which pals under that Degret 


of the Meridian are thoſe required. 


1 PROB, 


PR OB. XII. To fond, what. Dey of * 
Year the Sun will be vertical fo, any given 


Place 1 iN the Torrid Zone. wr £73 #6 

* the given Place to "the Meridian, 
add mark the Degree exactly over it; then 
turn the Globe round, and obſerve the two 
Points of the Ecliptic which paſs under that 
Degree of the Meridian: Laſtly, ſee on the 
Wooden Horizon, on what Days of the 
Vear the Sun is in thoſe Points of the 


| 3 for thoſe are the Days required. 1 


APKQB,! XIII. To find thoſe Places in the 
| North Frigid Zone, where the Sun be. 
© gins to ſhine conſtantly without ſetting; on 
any given Day between che 1015 of Ares 
and the roth of June. | 

4 e the Sun's Place in the Holiptic for 


the given Day; bring it to the general Me- | 


ridian, and obſerve the Degrees of Decli- 
nation; then all thoſe Places which are the 


ſame Number of Aegrees difrany; from the 


1 + WW + % , © 


7 R 0 B. XIV. Ss fnd on het Des the Sun 
den to Shine conſtantly | without ſetting, 


on any given Plate in the North , 


Jone, and how long: 
eee tlie Globe to 5 1 of 


| hs Place;-and,. turning it about, obſerve 


what Point of the Ecliptic between, Aries 


4 10 90 E 5 8 and 


1 ind Cancer, and alſo between Cancer and 


The Uſe of the cha 


Libra, coincides with the North Point of 


the Horizon ; then find, by the Calendar 
on the Horizon, what Days the Sun will 


enter thoſe Degrees of .the Ecliptic, a; 
they will ſatisfy the Problem. 

PRO B. XV. To find the Place over which 
the Sun 1s vertical, on ay given 
and Hour: 8 

Fix the Sun's Place, and bring i it tot . 

Meridian, and mark the Degree of Decli- 
nation for the given Hour; then find thoſe 
places which have the Sun in the Meridian 


at that Moment; and among them, that 


which paſſes under the Degree of Declina- 
tion is the Place deſired. f 
PRO B. XVI. To find, for any given Day 
and Hour, thoſe Places wherein the Sun 
is then ring, or ſetting, or on the Me- 
ridian ; alſo thoſe Places which are en- 
lighten'd, and thoſe which are not, 
Finn the Place to which the Sun is ver- 
tical at the given Time, and bring the ſame 
to the Meridian, and elevate the Pole to 
the Latitude of the Place ; then all thoſe 
Places which are in the Weſtern Semicircle 
of the Horizon have the Sun ming, and 
thoſe in the Eaſtern Semicircle ſee it ſetting ; 
and to thoſe under the Meridian it is Non. 
Vor. III. ö 2 


* 


RO 
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| by 3-1416, the Quotient will be 7963 2 
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15 Laſtly, all Places aboye the Horizon. are 
a enlighten d, and all below it Ae in Dark- 
neſs or Ni ght. 


FROB. XVI The Day. 4 Aida of 4 
Solar or Lunar Ecli 25 being given, to 
find all thoſe Places in which the * Jane 
Jill be viſible : 

"Finp the Place to which the al is ver- 
tical at the given Inſtant, and elevate the 
Globe to. the Latitude of the Place ; then 
in moſt of thoſe. Places above the Ho- 
rizon will the Sun be viſible during his 


Eclipſe ; and all thoſe Places below the 
Horizon will ſee the Moon paſs through 
the Shadow of the Earth in her Eclipſe. 


PROB. XVIII. The Length of 4 Degree 
. : being given, to find the Number of Miles 
in a great Circle of the Earth, * thence 
. the Diameter of the Earth. 

" ApMIT that one Degree contains 691 


| Eng liſþ Statute Miles; then multiply 360 


(the Number of Degrees in a great Circle) 
by 692, and the Product will be 25020, 
the Miles which meaſure the Circumference 
of the Earth. If this Number be divided 


Miles, for the Diameter of the Earth,  _ 
., PROB. XIX. The, Diameter of the Earth 
. known, to-find the Surface in Square 
„,, and its By + in 9 Miles; © 
* LS  ApmiT 


= The 77 of the Orbe 4.5 

Adr the Diameter be 7964 Miles; 
Ss | thew multiply the Square of the Diameter by 
3.14716, and the Product will be 199250205 
„very near, which are the Square Miles in 
e the Surface of the Earth. Again, multi- 
ply the Cube of the Diameter by 5.5236, 
and the Product 264466789170 will % 


the Number of Cubic Miles in the whole | 
Globe of the Earth. . 


PRO B. XX. To expreſs the Peet of the 
diurnal Motion of the Earth: 
Ste a Place in the Equator deſeribes 
a Circle of 2 5020 Miles in 24 Hours, tis 
evident the Velocity with which it moves 
is at the Rate of 10425 in- one Hout, ar 
17 Miles per Minute. The Velocity i in 
any Parallel of Latitude decreaſes in the 
Proportion of the Co- Sine of Latitude to the 
Radius. Thus, for the Latitude of Londen, = 
Ir Deg, 30 Min. fay, 


As Radius — — — 19.000000 
TotheCo-ſineof Lat. en 


| _ quator, 17 M. 5 _ 
| pee a 18 


of * 10 M. 3 x a 


292 


* Miles (CALVIN). 
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That is, the City of London moves about 
the Axis of the Earth at the Rate of 10 
Miles every Minute of Time. But this is 


far ſhort of the Velocity of the annual Mo- 


tion about the Sun; for that is at the Rate 
of 60000 Miles per Hour, or about 1000 


Miles each Minute, ſuppoſing the Diame- 


ter of the annual Orbit to "RY 82 Millions 


7 


(xl vm) 1. I might here ſhew how the ſeveral 
Spherical Triangles are formed for the Solution of moſt 
of theſe Geographical Problems, as 1 did before for the 
Aſtronomical ones ; but as the Method is the ſame, I 
need not again repeat it. However, to facilitate the 
Ideas of the above Definitions, &c. I have added (as 


| before mentioned) a Print of each Globe. The 
Rationale of the ſeveral Methods of ſolving Problems 


of this Sort cannot be well ſhewn without an Eye 


upon the Globe, and a Praxis cum vivd voce with A 
Demonſtrator. - | 


2. 1 fhall here ſubjoin a few Things relating to the 


gnitude of the Earth, and the Dimenſions of the ſe- 
veral Parts, together with the Manner of acquiring the 
Knowledge thereof. Firſt then, the moſt natural, eaſy, 
and certain Method of doing this is, by firſt meaſuring | 
the Length of a Degree of Latitude in the Meridian of 

any Place; becauſe if the Meaſure of one Degree be 
once found, the Earth being ſuppoſed round, *tis plain 
all the other Meaſures may eaſily. be deduced from 


q. Thus if I take the Height of the North Pole-Star 


in this Place with a very good Quadrant or Sextant, 


and then proceed directly Northward or Southward, till 


by the ſame Inſtrument I find the ſaid Star raiſed or de- 
preſſed Lang one Degree ; then 'tis evident I muſt have 


THERE | 


. ES pod 


* > © 


= o@a ©: =o mY 


a © 0 = 0 © 


„ n%YUvY 6 - Ao 


The Uk gh Gans: 


Turkz 1 is a geometrical Method of de- 


ſcribing the Superficies of the Celeſtial and 


paſs'd over Juſt one De q on the Earth's | Surface, | 


which therefore 1 0 be known by actual Menſuration, 
were it poſſible to nd ſuch a Part of the Earth's Sur- 


face as is exactly even and ſpherical, and truly in the 
3 ſame Meridian. 


4. Now this is e to be expected any where, 
except in ſuch a Country as Holland, which is level, 
and when overflowed with Water, and that frozen into 
Ice, the icy Surface may be near the Truth; and a De- 


gree meaſured in the Meridian upon this Ice muſt WW 


courle be pretty exact, if. due Regard be had to Refrac- 
tions in Fe the Height of the Pole. Thus Snellius 


actually meaſured the Diſtance between a Tower at 
Leyden and another at Souterwade three times over, and 


then a ſtrait Line in the Meridian on the Ice, whence 
by a Trigonometrical Proceſs he meaſured a Degree ; 


but as ſome Miſtakes had been made in the Calcula- 
tions, the indefatigable Mr. Muſchenbroeck attempted the © 


Thing anew, and formed Triangles upon the fundamerital 


Baſe of Snellius in the Year . and found 57033 
Tiſes to a Degree. © 
5. Now this was but 27 Toiſes leſs han had been 


found by the Royal Academy of Paris; and this Wen 


dut little different from the Meaſure of a Degree ſome 
Time before by our Countryman Norwood, which te- 


ſulted from his meaſuring the Diſtance between London 
and Tr, which he did in the Year 165 3; and accord - 


| Mie him the Length of 4 Degree is 695 of Engliſh 
iles. © 


6. Mr. Greaves compared the "En; 20/5 Fest taken 


from the Iron- Standard in Guild- Hall, Lenten, with the 
Standards of divers Nations. The 0 Py 


ſome of them is as follows: 
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The Engi Foot, | 
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Toiſes. 


2 Length of a Degree near Paris, it might be known 


Poles. 


of the former is not yet known, thoſe who made it 9 


Earth, and its Dimenſions by actual Menſuration, is a AN 


* * 2 - ada. #24 > Sell * — 24.5 "= 
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96 . GS * r q 925 en 


, 9 8 FEI TON het W * n 9 COTE Y * e % 
2 N . , oi "" 
_——_— 
% % 3 
9 
N % 

8 

3 
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Terreſtrial Globe on a Plane; and. this is 


1 


qalld the 7rojectzon of. re Sprere in FH 


The Leyden or Rhinland Foot, 1.033 

0 1 b 46 Bk IS 1 3 2 8 "> 1 $45 

The Bologna Foot, 1.258 - _ 

3 If the French Meaſure of a Degree, ER 57⁰ ba. J 
Toiſes, be corrected by making proper Allowances fog 
the Proceſſion of the Equinoxes, the Aberration of Light 
in the Stars he made uſe of, and the Refracion of LEW | 
through the Air, (all which were neglected by Picard) 4 


the true Meaſure of a Degree at Paris will be 5 692 5% 7 


9 


7 " 
ww 
2 
8 
3 


8. Now ſince the famous C:ffini and Sir 1/aac Neu A 
had both of them ſhewn the! WR ad not naturally 8 
have a ſpherical Form, but muſt be a Spheroid; and ſince, i 


_ theſe great Men differed in their Accounts of what Sort 


this Spheroid was, Sir 1/aac ſhewing it to be an Oblate i 
* and Caſſini ſtrongly contending ſor the Otlong.. 

pheroid; the King of France was nobly inclined to hay 
this important Affair decided, and accordingly ordered; 
the Length of a Degree to be meaſured at the Equator, lh 
and at the Polar Circle ; that by comparing them with 


whether the Earth were oblong or flat towards the i 


9. Upon this Buſineſs he ordered two Voyages, one, 3 
to Peru, the other to the Ar#ic Circle. The Succely 


of War they were diſperſed and their Papers 1 4 
to beToſt or concealed as yet, for none are to be found; 4 
Matl:emgticians who went Northwards finiſhed their 


Deſign with great Accuracy, and have fince publiſhed: 


— # 


10. And fince a Determination of the Figure of the 

. ; a 7 87 4 $66 3 Yo 1 
Problem of the higheſt Concern in uh as Aſtro- 
nomy, e Levelling, Hyaraulics, &c. I think 
it quite neceſſary the Reader ſhould have an Idea of the 
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*. QM = $49 42. 57 


The Uſe of the Gtosrs:; 
| Thus, one Half of the Globe is projected 


| Manner in which this was effedted by che Werd Ila. 
| thematicians, and which therefore I ſhall give from the 


by Maupertuis. ; - 
E 11. The arduous Tafk was performed in Lapland by 
Mieſſieurs Clairaut, Camus, Le Monnier, Maußpertuis, 
te Abb Outhicr, and M. Celfius of Up/al. They ſat 
cout for Stockho/m, and from thence for the Bottom 
of the Gulph of Bothnia. Being arrived at Ternea they 


began their Work; for from thence they ſat out, Fuly 6, 


© eaſy to underſtand, : 

12. After twelve Hours Voyage up the River, they 
| came to the Hamlet Lorpykila, and from thence through 
the Foreſt they went on Foot to the ſteep Mountain 
Mia, whoſe Summit, (a bare Rock) they made their 
| firſt Station. Farther up the River they met with ano- 
E ther high Mountain called Auaſaxa, on the Top of 
= which they built a Signal. They then went up the 
© River Tenglio, and croſſed a Moraſs to the great Moun- 


hence they returned back again, and in their Way 
Ccroſſed the Foreſt to another very ſteep Mountain call'd 


13. After this they went ſome to one Part, and ſome; 
to another, and built Signals on the Summits of other 


3 


© the Viſual Rays made, connecting the ſeveral Signals by 
a Quadrant of two Feet Radius, furniſhed with a Mi- 

ctometer, they conſtituted a Hepagonal Figure T C AP. 
NK, extending from the Tower of the Church of. 
Toer nea at T, to Kittis at Q. „ 
; 14. And becauſe the Truth of their Work may the, 


U4 Half 


1 Book entitled The Figure of the Earth determined, & c. 


I 2 95 


on one Side of the Plane, and the other 


[ * which afforded a very fair Proſpect to all the. 


+ 


| Mountains, viz. Kakama, Pulling, Niemi, and Kittis, 
near the Village Pello, Then taking the Angles which Fig. 2. 


3 better appear, I ſhall here ſet before the Reader the + 


= 1736, to reconnoitre the Country, of which J have Plate 
© here added their Map, by which the Affair is made LXVII. 


| tain Harrilalero, where they built another Signal.” From 


The Uſe of the Grokzs. 
Half on the other; and if the Plane be 
that of the Ecliptic or Equinoctial, as in 


Sum of all the Angles, of which the ſeveral al Angles of 
the en did conſiſt, vix. 8175 1 


1. The Angle. „ CTK = = 24 22 84,5 
RE | : KCT = = 3 9 12 
> The Angie TAS = 115 H'= 100 9 36,8 


: CAH = 112 21 486 
3. The Angle CAP = 2 484 = = 543 45 11 
APH 31 19 55,5 


Tie Angle APQ= HPN = 37 22 21 
„ | NPQ = 87 52 2443 
5. The Angle  PQN =. 40 14.5247 

1 „ (S 51 53 43 
Fee le QNE= yJPNH= 93 25 75 

| CHNEK = 27 11 53,3 

in NEH= 9.41 479] 
7. The Angle NKT= SHKC =. 43.45 35,6 
ws CCKT = 118 28 12 


l 


The Es of all, 900 1 37 
7 15. But ſince the Angles of any Polygon are equal 


to twice the Number of Right Angles that the Figure 
bas Sides, abating 4, therefore the Sum of the Angles 


of a Heptagon is 14 — 4 = lo & O = 900*®' Hence 


* if their Heptagon had We n taken on a Plane, it would 
| have exceeded the Truth but by 1” 37”; but ſince the 
Figure lay on a convex Surface, the Sum ought to be a 
little more than oo. And thence it appears to what 
_ a ſurpriſing Degree of Exactneſs they attained in this 


Undertaking. | 

16. Now in order to meaſure the Aridi an-Line 
- QM, which lay through the Middle of the Heptagon, 
or rather the Line q m, which was the correct Diſtance 


detween the two Parallels where they made their Aſtro- 
 womical Obſervations with a Sector, (whoſe Accuracy is 


the 


„ „ en e . +» o . 


ad 


Pp 


l 
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the Caſe of the Celeſtial Globe, theſe Pro- 
jections are then call d the -Celeftial Hemi- 


incredible, and of a Structure not here to be deſcribed) I 
ſay, in order to meaſure this Line q m, it was neceſſary 
to begin with ſome Baſe - Line to be firſt of all meaſured, 
and then to compute a fundamental Triangle or two. 
for the Grounds of their future Work. 
17. Thus they pitched on the Diſtance ben | 
| Niemiſty and the Village Poki, for the Baſe-Line Bb, 
— becauſe it lay along the River, and could be moſt accu- 
rately meaſured on the Ice. * was meaſured twice 


over 
5 Taiſes. Feet, Is. 
The firſt Menſuration gave - — 7406 5' 0. 
The ſecond | — — oc 5 4 | 


The mean Length 8 is 7406. 5 2 
18. Have this Baſe Line known, they calculated the 
two Triangles A Bb and A B C, from which they found 
the Diſtance between doaſoxs and Cuitaperi to be 
8659, 94 = AC; from whence they proceeded to find 
the Sides and Angles of all the other "Triangles round 
the Figure, as AHC, AHP, PQN,:C TK, Cc. 
and from thence. having found the Sides AP, PQ, 
NK, KT, TC, they formed the Right-an gled Tri- 
angles AEP, AFC; PDQ; CGM, by * 
E 8 br P D, at Right Angles to the Parallels — 
ing "throu Q and M, and parallel to the Meridian 
Line 5 the ſame they did on the other Side 
the Fi igure, as is there repreſented. 5 
19. Having thus meaſured the ſeveral Lines, they 
were found as follows. 


JC i On the * Side. 8 
= 14213,24 — 1329788 
AV. HORNE. :-. .. ME = 24995193. 
"CG = 22810,62 5 K 166 Sang 


Total, $4940.39 | we ET. 2 
5 5 | > 4 7 GEL 


Therefore at GOTH heMeridianLine] is O⁰¹ 54942, 7 
* 


bee, But with 1 regard to the Terreſtrial 
" Or" _ are - generally made on the | 


of Ihe GLosts, 


50. By very accurate Methods. 57 deduced. that 


Levgth of the. Line q m 55020, og Toiſes, and the 


is to 55023447. T oiſes, ſo is 60“, or 1 Degree, to $7437 
Toiſes in one Degree at the Arctic Grelle. 5 


21. If therefore from the Te" of a Degree heres 


Im 1 s 


t the Artic Cirtts,- ; — — 554379 
1 ſubduct the Length 5 a bare 


at Paris, by e * 56925 7 


the Difetence. RT We i 512,2 rate 


ok:328 2,878 Feet of Engifb Meaſure: | 


52. Hence, having the Length of à Degree, the 
Radius of Curvature is found for any Part of the Ellip- 
tic Meridian. For let R-denote that Radius, then it is 
„ it 1: 3597 2 N 2 2480: R therefore 2 


180 


r 0 or R | _ - = C7452 Toiſes, for the Cur- 
eo the B bf in the Latitude 66° 20/ t 


en, and in Frante the Radius of the Earth's Cur- 
1 K — 180/X"56925,7 


vature is. R = = i Toiſes; or or in Englh 
3,1416 


Miles thoſe Radii are R 3994, and R= — 39 58,4. | 
23. We are now prepared to affign the Proportian of 
the Axis of the Earth to the Diameter of the Equator 


from this actual Menſuration; in order to Which we 
muſt firſt of all premiſe ſome Theorems, which reſult 


from the Properties of the Ellipſe. Therefore let E Pe 


denote the Elliptic Surface of the Earth, Ee the Dia- 


meter 'of the Equator, and CP the Semi-axis of the 


Earth. Let A I be the Radius of Curvature to any 
Point of the — I a ee and draw fl | 


| nce q u 55023,47- | But this 
Diſtance or Arch q u, by the niceſt Aſtronomical Ob- 


ſervations and Corrections, was found to be equal to 
57. 28//,67 of a Degree. Therefore, As 57 28”,67 


el * General 1 | Fj ban an ar ns. 


3 *%”z S©= » WS FT _ Y*=, 
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then they: are qormonly <all'd Maps 


and ID nn to OP and C G Mt 
Ii I Degree, and- draw fs i and the Fee i RIC 


there A is the Centre of a Circle ES nets ana 
in the · Fpinta i. 7. TY The Angle 1 B E nn 


Latitude of the Place J. Now puts = CE By 6 "BR 
RHODE = l, 2 55 and let 1 % denate The 


jus Tartan eee LN Dione noo) 2 
and laſtly, let A1 — : 


Ne av I 1+ Fr, , aneh = 1. Thins: Te al 

Let — 2 2 248 3; T 24, ETSY "Ther: II. EY 1 
| 4M 

Hence . | == az =p, the Parker Lum, LIL. _— 

Apain — 1222 y: 1F SY. „ Iv, 

Al — [ff.: .:: DF SN Theor, „ 


2 IF 1 . Be, . Wer, 2 U | 
. i 1 


chene T 


Then per Conics| 8E D * De: D I: : 7 E- : CP, 
That is, =: yy © 8 1 $16, 

Alſo becauſe 1 D: CE: CR: GE. per Comics, . - 
That is, „ RE z : 2 Kt. 
We have 1 2 = a? a rer = = 4 vt 15 
Therefore (9) 3 4 : th : it 1 „% a4 meas 1 F 


£ 


41, or 2 T8 Dee, * 2D FF 


» lu. 


Hence — F 14 


WEE LE, * 


13 y * : 1 ö 't 2772 2 
And allo kt 4 £4 r= =D B. Pee. K. 22 5 | e 2772 reyes 7 
duce, (14) ne ee — t SUN. 


Wherefore dt nn Lamar + arr Th. XI. 
5 of 32 25 = T. * 133 2+. bog” © 93 el 
Whence alſo |18|x* 


TT r Theor. XII. 


= 300 Th Uſe of 1 0 'GLopss. 
E] ” of the Werld': And the ſeveral Circles, and 
Parts of the Surface of rn are ſo 


Pod 


Becauſe T 12 DC: DB:: x: 1 4 Tx * a: 15 *. ous 2 5 
D: EB 112K CA: Cs. of 


| Theref. Conv. 21 
Whence 22 ein BI:: 1: 4. ba 
Alſo we have 2381: I: BF: DF, borne 1G 77 PBL. 1 
Wu. conjointlyſz 44d I: 575 BF: DF—2XDF. : 


Again — |[25[GI: Bb: AI: AB: BF: DF—2XxDF. 7 
Conv. andInv. |26|['B : e BF * DNN 


. " . ; 
In Species = ef 5. 7+ aty: : 2 F * ty. 14S I bu 5 25 
That is, 2 * 1 e * ne. 3 23 
% v /f ates 
Were - DE e er 9 
4 "Hs e 1 71 


215 64 #4 7.8 


* 75 777 A XIJart aft © | 
=: 5 D, anda- 5 rn 
| RS 14.55 Mp \ 3% 85 | bei 


. A teden GR VI. 


* ar ee 5 
278 LL Ther, XVI. . 
e A * | "IL n 5 5 4 
For any cher 1—— Ne 1 1 Fatt 
3 ee 5 ON K $f af Et: 
Whence it is, 434 EY 98 + 75 nn = 14 + Barter. YR: 
+8 3 e 1 5 
2 FF SS nr gg. | 
* #25 | Fob Fins © 05 3 


26. From theſe Theorems we a cola hn 


eee.euer relates to the Figure and Magnitude of the Earth; for 

and firſt to determine the Value of a, or the Ratiod 8 

& to , that is, of C E to CP. In order to this, wh ©* 

< have r, 4, t, for the Latitude of 60 20f at Lapland; SA 
na 1% e 42, being the lit 
| e 


nd 


JF. 
I. 


rhat- 
nh; 
io al 
z | we 
and 
jddle 


b the Grdste 5 


ſo ddlibeated on 2 ſald Plane, As = 
would appear thereon to an Eye placed in 


of the Degree meaſured. in France. (See Ae. 22 * For 
baving r= 3994, and 7 = 3968,43 whence by Loga- 


nb we have 15 38 2 953 and 17572 — 1552,93 alſo 


7118682 3090, 1, and x t = 2109. Therefore a 
27 32 — 
= o8t,n 25 
* E: CP. Therefore by Menſuration it appears, that 
CEexceeds CPin a greater Proportion than that of 
230 to 229, as Was ob 
XXX 


ſr=ozntE, 25 


5 1 ur, ad; Bir. 4; . 
Ve. 


1 SD chat ih. and 


Va 
=d= =, 4 D; therefore 4 : Din; nh. 


, 1 #4 
27. The Theorem æ = CE= 45 4 5 21 is (by 


Logarithms) equal to 3971, 1 Miles; and fo the Dia- 
meter of the Equator is equal to 7942, 2 Miles. Whence, 


1 5 


1 


Wencs we getz: U 313,2 300% 


becauſe = r 4 == a=CP = 3926,2 Miles; 


and ſo the Axis of the Earth is equal to 78 52,4 Mee, : 
ſo that the E quatoral Diameter 2 the Axis b 


89,8 or 90 Miles, which is near three times as mi 
as the Theory gave it. See Aunot. XXXIV. 36. 


28. In any given Latitude the Radius of Curvature i 
found by Theorem XIV, Viz. r= = and be- 


r 


cauſe under the Pole P the Angle 1 B E is a Right one, 


and t will in that Caſe become infinite. and' equal; 


V s 


and i therefore r= === 4916.6 Miles, which!) is che 
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the Pole, or Middle Point: of the other He. 


the Hos of a-Degree in ar Latitude by this Aha: an 


5 in ths Latitude 499 227 0e * 3858, 4 = = 69,087 


= - 


-Uſe of the-Giouns:. 


miſphere. Hence it vll come to paſs, that 


ercateſt of all, And under the Egustor that Angle vi. MY Eq 
niſhes, and there s=1, and t o; F pre 
388 1,8 Miles the leaſt of all. as 

29. The Radius of Convexity _ RE we find I an 


: As 140: 30416125 5 LUIS! = the Leng af f. 


the Degree required.” Thus under the Equator we hin 
S x 3885,8 = 674 Miles, for the led Dae 


2 805 * 416, 6 706 


Miles, for the greateſt Degtee of Latitude: A mea 
Degree therefore is 68,92 Miles. Thus alſo a Degree 


and under the Pole we have 


Miles; and in the Latitude 665 20 it is 321416 37 


3 180 a 
3994, 1 = 69,709 MM | | 
29. If the Length of a 8 ba 3 the . 


2 dius of Convexity may be determined, and thence the 


Latitude of the Place by Theor. XVII.. . 


A, A, 


ſor if the Tangent of an Angle be known, the Ange 
irſelf, that is, oh Latitude, is known alſo. _ 


31. Hence alſo the Radius of any parallel of La 5 
tude. may be diſcovered; for, by Theorem XII. H I=C 


2 
' 2 —— —5 and 180 : 361916 : 1 Degro 


V1 + att 
of Longitude in the given Parallel. In the Equator 


* EA; Hence 0 30% 1, = Gy" Oy” the 


Length of « Degres in the Equator. e bn 
8 "> 


PIC 


The Uſe of the. Grongs: 


the Stars and Conſtellations. of the Hemi- 
| ſpheres, and the Parts of Land and Water 


32. Hence the Circumference of the Earth under the 


Equator is 360 X 69,309 = 24951 Miles. I'might now 
proceed to calculate the Surface and Solidity of the Earth 
as a Spheroid; but the Proceſs would be tedious, and 
anſwer no great Purpoſe, enough having been ſaid for 
any Perſon to form a proper Idea of the Magnitude and 
Figure' of the Earth. I conclude with obſerving, that 
there is about 2 4 Miles between the greateſt and leaſt 
Degree of Latitude within the Compaſs of our common 


Charts: Quære then, If our Theory of Navigation, founded - 


upon an Hypathefis of their being all equal, be not wary er- 
roneous; and if it be not neceſſary to have one corrected ac- 
cording to the foregoing Meaſures? See my New Treatiſe 
of GEOGRAPHY and NaviGaT10n lately publiſhed, 
containing new Tables of Meridienal Parts and Sea 


Charts, adapted to the Spheroid of the Earth, and fitted _ 


for Practice; being calculated toevery Minute of a Degree, 
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The Uſe of the Gros. bf 
Mag nitudes and Forms, as on the Globes, + 
themſelves : Yet moſt of the Pr oblems of 
ether Globe are performable . on theſe arti- 
fcial Projections, by thoſe who.underſtand _ s 
their Nature and Uſe. But theſe Things 55 
will be beſt underſtood from a VIEW. * b 
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306 The Uk of the Sens 955 ; 
1 thoſe Prints, and a Specimen of the Praxis 
* * their Uſe (CXIIX.) 


(C XxLIx) 1. The Solution of moſt of theſe Gro- 
GRAPHICAL PROBLEMS may be performed by a Trigg. 
nometrical Galculation, as is evident from the Original Di- 
agram we before made uſe of for the Solution of Aro. 
nomical Problems. Thus if A and Z be any two Places 
on the Surface of the Globe, then i in the — AZN 

| we have p 1 
Plate Z N the Cr-Latitade of the Place Z2. 4. 
LXVI. AN the Co- Latitude of the Place A. | 

2A the Diſiance of the Places A and Z from one 


| another. 

T Z NA the Difference of Longitude. 
A N the Angle of Poſition, or Bearing of A 
from Z. 
2 AN the Angle of Poli tion, or Bearing of Z 

| from A. 

2. Aﬀter the ſame Manner may. Problems of Nay: 
GATION be ſolved ; and indeed the only true and na- 
tural Way of SAILING is upon the Geb of a Great 
U.ircle, which gives the neareſt Diſtance between any two 
3 Places on the Surface of the Globe; and therefore the 

nearer a Ship keeps to the Arch of a Great Circle, the 
ſhorter will her Way or Paſlage be from one Place to 
another. Thus in the ſame Tian leZNA, if it be 
propoſed to ſail from Z to A, the Ship ought to be di- 
reed upon the Arch ZA. But in order to be ac- 
quainted with this Method of Sailing, the DoArine of 
the Sphere muſt be well underſtood ; therefore I ſhall 
refer the Reader who delires i it, to Vol. II. of my Lang 
Ty igenometer s Guide. 
„3. However, I ſhall herp ſubjoin the Phil loop 
Principles of all Kinds of Geographical and Nautical 
Mares and CHARTs : And I I ſhall ſhew the Nature 
of what is call'd the OxTHoGRaPnic PRoJEcTION of 

Fig. 7. the SrüER E. Let AB D E be the Primitive Circle, or 

Plane of the Projection, which we may ſuppoſe to be a 
Meridian; =_ let A E * 0 a | Great —_— 
| - aboix 
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the Plane in aby Angle BAE.” Suppoſe this 
ele to be projected on-the Plane tothe Curve 
FD, by * paſſing throuph very Point 


e i Eng to find the Nature: the pro- 


| jefted Curve AFD 
4 Ba In order this, let < FF Fans Lodges o Perpen- 


| cle we EST: ten iy he that is 
ee, "oof « 
re 1 8 but | 


| b 
1 f == 4 —x*, which 3 the NR h 


AFD to be an Ellipſe, whoſe Semi- axes are AC and 


Or. 

3 Hence the Circles of a Sphere view'd at an infi- 

| F&4 Diſtance are projected into E/lipſes. Thus the 

Circle of Illumination on the Difk of the Moon is an 

4 pg, as obſerved Arnot. CN XXV. 23. Thus alſo 

| u Sphere ſet in the Sun-Beams will have its Circles all 

LES into elliptic Shadows. And hence it is we 

TLonſtruct the OgTHoGRAPHiIc PROJECTION, call'd the 

L ANALEMMA ; which ſee in my fore- cited Book. _ 

1 6. Now becauſe CE: CF :: Radius: Co- ſine * 

Pe; it appears that the Semidiameter CE of every 

Circle is projected into the Co- ſine F C of its Elevation 

' "above the Plane of Projection. Hence alſo it appears, 

that in this Projection the ſame Number of Degrees | in 

e Circle, as B C E, will be projected into very 

_ diferent Portions of the Diameter 5 the Plane B E. 1 
Thus ro Degrees from the Pole of the Primitive _ I 
| be projected into the Arch CK, but 10 Degrees from ; 
3 | the Periphery:will be projected into EM. Put CK is 
EM as the Right Sine of 10 Degrees to the Verſed 
ine of the ſame; that is, as 1736 to 152, or nearly 
48 12 to 1. Hence the Reaſon why the Spots in the 
et ep r to move ſo wx" faſter over the Middle Fes 


—_ The Uk fs the Gun; 

: of the Diſk than on the Outſide, and why their Motion 
| is always unequal ; with other Phenomena of the like 
| Nature. : 
„fate 7. The STEREOGRAPHIC ProJecTION of the 

LXVIII. SpyerE is that on which our Maps are commonl 

Fig. 1. made, and depends on this Principle, That if the Plane 


0 


of any Meridian be ſuppoſed the Plane of the A bee 

then an Eye placed in one Pole of that Meridian will project 
all the Circles in the oppoſite Hemiſphere into circular 
Arches on the ſaid Plane. Thus let AGD E be any 
Meridian; then the Diameter AD, dividing it into the 
upper and nether Hemiſphere, is call'd the Line 2 
Meaſures ; and an Eye placed at the Pole E will proj 
every Point B. F, G, in the oppoſite Semicircle into the 


Points H, I, C, into the Line of Meaſures A D, by te 


Viſual Rays EB, EF, $0. 
8. Hence if the Arch AB= G 10 Degrees, 
then will their Repreſentatives in the Line of Meaſures 
de A H and IC; and the Points H and I are thoſe 
through which the Circles of 10 Degrees and of 80 
Degrees de paſs in Projection, viz. the Circles G HE 
and GI E, as is evident from conſidering the Figure. 
Hence the Reaſon why the Meridians do all lie nearer 
to each other in the middle Parts of the Map than on 
the Outſides; and conſequently, why the ſeveral Parts 
of the Earth cannot be duly repreſented on ſuch Maps, 
either in reſpect of Magnitude or Poſition. 

9. On E as a Centre deſcribe the Arch C M, and 
draw the Line E K; the Arch G K will be projected 
into the Line CL, which is the Tangent of the Angle 
CE L. But the Angle CEL is equal to Half the 

„ -- Ange GC, or Arch GK; therefore any Arch GK 
: 15 1 into a Line CL equal to the Tangent 
of Half that Arch. Hence the Line C D is call d 

05 . of Hal 445 7. — in reſpect of the Quadrant 

10. On this Prjetiiony are e uſually ade all the Maps 

of the World in two Hemiſperes; there is alſo another 
call'd the GLoBuL AR PROJECTION, wherein all the Me- 


. Fitians are equally diſtant, as they are on the Globe 


itſelf. They are circular Arches here, as in the laſt Pro- 
e and are draun after the 1 Manner, but are 
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By this Sort of Maps the ſeveral Parts of the Earth have 
their proper Proportion of Magnitude, Diſtance and 


Situation aſſign'd nearly as on the Globe itſelf. As plate 
this Sort of Map is for that Reaſon very uſeful, and LXXII; 


not common, I have given one here. for the Reader's 
Uſe, corrected from the lateſt Obſervations. I have 
alſo juſt publiſhed a New PLANISPHERE on the Globu- 
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not projected by the Eye on the Surface as they are. 


hr Projection, with the Solution of Grogra kical and 


Aſtronomical Problems thereby. ; 7.” 

11. Beſides the foregoing, there is another very uſe- 
ful Projection, generally made Uſe of for Charts, and 
ſometimes for Maps; it goes by the Name of MERC A- 
ToR's PROJECTION, but was firſt invented by Mr. 
Wright long before. In this the Meridians and Paral- 
lels are ſtrait Lines, and the former equidiitant from 


each other. Hence in this Way the Degrees of Lon- 


gitude in every Parallel are the ſame, and equal to thoſe 
in the Equator ; alſo the Degrees of Latitude are all 
unequal ; both which are contrary to what they are on 
the Globe. Therefore Maps of this Sort do not exhibit 


the true Dimenſions or Proportions of the ſeveral Parts 
of the Earth; however, they are very uſeful on divers 


Accounts; and that which I have given from Dr. 


this Kind. E „„ 
12. But the greateſt Uſe of this Projection is in SA1L- 
ING; I ſhall here therefore ſhew how it is conſtructed 


in the following Manner. Let A B be an Arch of the p 
| Equator contained between any two Meridians AP, LXVII. 


?, meeting in the Pole P of the Sphere whoſe Centre 

is C, Upon the Points A and B let there be erected 
the Perpendiculars A H and BI, and let DE repreſent 
an Arch of any Parallel between the ſame Meridians; 


draw CA and CB, K D and K E perpendicular to P; 


Haley to illuſtrate the Account of the Winds is of 


late 


Fig. 1. 


through D and E draw CF. CG, and join F G; laſtly, | 


let fall the Perpendicular D L. 15 
13. Now the Arch A B in the Equator is to the ſimi- 


lar Arch of the Parallel DE as A C to DK, or as Ra- 
dius to the Co- ſine of the Latitude AD. Suppoſe now - 


the Meridians AP, BP, to be in part projected into 
the Perpendiculars A H and BI; then will the Arch 
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f D F 1 projected into FG = AB; bat in this cee. 


Plate 
LXVIII. 


Fig. 3. 
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D E, the natural Length of the Arch, is to FG its 


| frafted Leng h, as the Radius CD ts the Stcant C 
the Latitude, or as the Co-ſmt LC to the Radius 0D 725 


for CF: (CD=) AC: DC: LC. 
14. But in u hatever Proportion the Degrees of any 


Parallel are increaſed or diminiſhed by a Projection in 


Plano, in the ſame Ratio ought the Degrers of Latitude 


| alſo to be iitcreaſed or diminiſhed ; otherwiſe the true 
| Bearing and Diſtances of Places would be loft, as in the 
_ Cafe of the Plain Chart, where the Degrees of Latitude 


are all equal. The Degrees, therefore, ef. Latitude in 
Mercator's Chart increnſe in Top ies of the Secant ſe 
the Latitude to the Radius. 

15. But that the Reader may fee how ſuch a Meri- 
Gian is projected, let RC H be a Quadrant of the Primi- 
tive Circle, and R Q a Diameter; draw Qs; then will 
the Arch 8 H be projected into HI, and RS into AI; 
but All is the Tangent of 2 RS (by Art. q.) Let 8 T 
and CT be perpendicular t to AH, and draw the 'Tan- 
cents SV, CK, to the Points S and C meeting A H 
produced in V and K. And let H I , HS ==, 1 
H=. 

16. Then becauſe AT: AH: AH: AV, it is 
ATXAV =AH?: for the ſame Reaſon it 8 41 X 
AK=AH AT XA V. Wherefore AV: AK 
½ IAT S SDA: A8. Le Q: be drawh 
infiniteiy near to Qs, then Ss=s, and Ii &; and 
becauſe the Angle AI Q = TIS=ISV = Qs 85 
therefore the Tringles QI: and Q Ss are (in their naſ- 


27 State) ſimilar, and therefore QI : Qs:: , 


SAV: 7 e er it· is AVXs= 
AEN. | 


17. But MK X & is the Fluxionary ReQangle of 
what is call'd a Figure of Sccants, which may be thus 


,Explain'd. - Let R CH be a Quadrant as before, HC 


an Arch, of which let the Secant be equal to IN rightly. 
applied as an Ordinate to the Abſciſs HI = x; and if 
this be conceived to be done for every Point in the Qua- 
drant, we ſhall have a Curve BNP deſcribed. by the 
point N, which appears to be a refangular Her bula 
by Gomplexting the * A B. Now meh” in in- 

oy” OO — * 


1 . 


\ | 


— 


Tze Uſe of the Gronzs. 


fnitely near IN, we ſhall have IN Xi» = IN * 2 
(AK X #) = Fluxion of the Area THBN, which 
s compoſed of all the Secants belonging to the Arch 


HC, and is therefore called a Figure of Seconts. 
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18. Now the Fluxion of the Area 1 HB N is to the 


Fluxion of the Rectangle IH B D as IN Xx ã to ID X 
x, that is, as IN to 15 = AR, v:z. as the Secant to 
the Radius. Therefore the Areas themſelves are in the 
fame Ratio; that is, the Area IH B: RX x:: S: R:: 
Z: x, ſuppoſing Z repreſents the Arch z protracted. 
In the ſame Manner it is ſhewn, that the Fluent or Area 
belonging to the Fluxion AV XzistoRXzasZ: 


ꝛ2; but this latter Fluent of AV X & is equal to the 


Area IH BN, becauſe their Fluxions are equal (by 


Art. 16.) Therefore I HBN :RX2z::Z:z; con- 

ſequently, IHBNXz=RxXx=zX2Z; whence IH 

JJJJõöÜd e 
19. But the hyperbalical Area IN B H is the Loga- 


rithm or Meaſure of the Ratio of A H to Al, that is, 


i = 3 
— ==> ſuppoſing : = Tangent of 2 the Com- 


Wa of z. But any Hyperbolical Logarithm ĩs to the 


abular Logarithm of the ſame Ratio, as 2, 30 2585, 
&c, to t; therefore the Tabular Logarithm of — * 
2, 302585 IN BH=Z gives the Length of the 
protracted Meridional Arch, anſwering to the Natural 


Archzor H S. 
20. Therefore, if A and a denote a greater and a 


Leſſer Arch, beginning from the Equator ; then the 
Length of their Difference A—a will be IT 8 


— 85 535 or 2, 302885 X = — 7» r 2,302585 X 


t—T, That is, From the Tabular Logarithm. of tbe 


C:mplement of the Leſſer Arch a, ſubduct that of the 


Greater Arch A; the Difference multiplied by 2, 302588 


will g. ve the Miridional Paris of the Arch A — a. . 
21. As I am upon a Subject of this Nature, it will 
be proper to obſerve, * the Ship's Courſe is or 


*. 


ought 
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PI.LXX. 
Fig. 5. 
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ought.to... be | mw Line, which 3 equa. 
Angles with every Meridian; therefore the Differences 
of Longitude will be the Logarithms of the Tangents 
of the Half-Complements of the Latitudes, as may be 
thub ſhewn. Let A Q be a Quadrant of the Equator, 
P the Pole of the World; P , Pa, PB, Sc. the ſes 
veral Meridians projected in Blow: and E bc. Ste. the 
Rhumb-Line making equal Angles . a A, KEB, &c, 
with every Meridian. | 

22. Then if we make A A'B= B = BC, E 


and very ſmall, then may the Triangles Æ Pa, A P, 


Pc, &c. de eſteemed reRilineal, and will be ſimilar 
and therefore AP *Pa::Pa:Pb::Pb:Pc, and 10 
on. Now if A expound the Ratio of aP to E b. then 
becauſe the Ratio of h P toP is double the Ratio of aP 
to PE, and BAF A, therefore ZEB wille pound the 
Ratio of P to EP. Again, becauſe c P: AAP = 3 X 


aP: EP, and C 3 A, therefore Æ C EX» 


| ele the Ratio of c P to P; and ſo of the reſt. 


23. Therefore the Arches A A. AB, C, &s 
are the Logarithms of 4 P, 5 P, c P, Cc. in reſpe of 
PX. But XA, E, &c. are the Differences of Lon⸗ 
gitude . made in filing from Æ to a, or &, &c.; and 


2 P, b P, &c. are Tangents of half the Complementy 


of the Latitudes A a Bb, &c, (See Art. 9.) Therefore 
the Differences of Longitude i in ſailing on any Rhumb art the 
Logar:thms of the Tangents of the Half. Co- Latitudes. 

24. Hence the Rhumb-Line has acquired the Name 
of the Logarithmic Spiral. Hence allo it follows, that any 
Table of Logarithmic T angents is a Scalerf the Differences of 
Longitude on ſome Rhu nb or other, Thus the Tabular Los 
garithms of Tangents in preſent Uſe are Differences of: 
Longitude on that Rhumb which makes an Angle. of 
51 38' 9 and the Rhumb which makes an Angle of 
71 11 7420 , Is the ſame for Neper's Logarithmic Tan- 
gents. They who would ſee the Demonſtration of this, 
as alſo how a Table of Meridional Parts is from hence 
conſtructed, and likewiſe how all the Problems of Nas 
vigation may be ſolved by the common Table of Loga- 
fithmic Tangents only, may conſult my LoGaRITH= | 
MOLOGIA. See alſo N Pbical R No 219, 
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where the Theory | is given at large 15 its Inventor Dr. 
Halley. | 


SCHOLIVM. 


25. I 3 pere added a Table of Meridional Parts, 
calculated for the Oblate Spherojd by the Rev. Mr. 
Murdoch, in his new and learned reatiſe of Mercator's 
Sailing applied to the true Figure of the Earth. _ The 
Errors of the common Spherical Projections are not ſo 
very ſmall in many Caſes, as to be inconſiderable agg 
not dangerous. For inſtance, if a Ship fails from South 
Latitude 25* to North Latitude 30% and the Angle of 
the Courſe be 43; then the Difference of Longitude 
by the common Table would be 3206”, exceeding the 
true Difference 3141 by 65/ or Miles. Alſo the Diſ- 
tance ſail'd would be 4512, exceeding the true Diſ- 
tance 4427, by 89' or Miles: Which Differences are 
too great to be neglected. For other Inſtances of ſuch | 
a CorreCtion of the Charts, I refer to the Author above- 
mentioned. See alſo my New Treatiſe of GEOGRAPHY 
and NAaviGATION lately publiſhed. 


27. 4 Ta BLE of Meridiaal Parts to the Spberoid and 
Sphere, with their Differences, 
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Computation of the QUanTITY of Matter, . = 
Dxxsrry, 'WEIGHT of Bopies, GC cc. 

on the Suryace of the | | 1 


SUN, EARTH, JUPITER, and SATURN. © | 


C u :, 1 * 
; . © 


$ the SubjeBs treated of in the enſtun 


the Body of the Book among the Annotations, 
and are the maß important Part ¶F the New- 
tonian Philoſophy, they could not on any Ac- 
count be omitted, 5% þ therefore I have here 
annaad ibem, io compleat 4 Syſionm of tha 
Science. And ] have taken ſuch a Method as 
I hope will be found not only more natural and 


*' difficult and intricate Ideas eaſy to be aj 
bBended 120 the SOA Reader. 


Appendix could nat well be brought into 


conciſe, but much more adapted to render th 


5 » 
7 1 5 £ 
. n 8 Fi 

- = * 7 

/ 8 - 
6 1 - 4 Lb ö 1 o 
LY - e Y 
% 4 7 8 s n 
is 8 
* 8. Z "24 EN N wo * * : g 
5 5 4+ 2 i . * 8 
0 £ * 2 L « 44% 
; : 
* 


I, T HE Motion of the Moon about 


the Earth is ſimilar to that of 


1 ö the Waters of the Ocean revolv- 
ing about the Earth's Centre. To ſhew 
this; ſome things muſt be premiſed ; as, 


firſt, That the Attraction of the Earth upon 


any Particle of Water is the ſame as it ou 


be, were the whole Quantity of Matter con- 

trafted into a Point in its Centre. For let pj, + 
AB GO be the Earth, C its Centre, P a LXVIII. 
Particle at any diſtance PA from its Sur- Fig 6. 


face; let PG be drawn through P and C, 
and B O the Diameter of any Circle B D 


O E, or Section of the e Er 
lar to the Axis PG. 


2. Now put PN a, RNA 


PB PEN - = BN", which js 


as the Area of the Circle BDO E; the at- 
tracting Force whereof is 2x +, and is pro- 


portional to the Quantity | of Matter or 


Number of Particles which act on the Cor- 


puſcle Pi in the 8 of the and 
in 


* 


p ͤ | 
in Directions ſimilar to PB. And ſince ſl 5 
the Force of Attraction is as the Number © 
' of Particles (2 x +) multiplied by the 
Force of each Particle, which is as ſome ll © 
Power (#) of the Diſtance (x), therefore 
2x*Xx"* = 2 5x"+1 will be as the whole 
or abſolute Force of thle TDs, * 
is, in the Directions PB. 
3. BuT the Force Wil by P Bi s WG: 
Siet ruhe into two Forces PN and BN, of z 
which the former only cauſes the Corpuſck MI . 
at P to approach the Sphere.” Therefore M . 
as PB: PN: X 4: 22 1 2 2 | | 
the Force with which the Particle at P is 
attracted in the _ ection P.N; the Fluent i 
of which bong 7 (When corrected) 1 is the p 
| | whole Force of all the Particles i in the Are 
of the Section B D O E, to attract the Cor: 
Picks P in the Direction N . 


4. I fay, the : Fluent recall 


{ 

F 

be ; 

T7 myſt . 
; 


- correted, for it is at preſent too great; MW 
becauſe when the Area of the Section be- 
comes a Point, or x = 2, then this Fluent 


has the Value =—— 2 TE; „ , which therefore mol y 


de deducted | from the general” Fluent C 
24 ( 


g 5 
+ % „ 


2 7 J J — 
— derb — — 
8 * T7 —, 800 fer ence d ; 7 228 | 
e EDS NEBEN. 
e or — 2 — 


„ 185 
e will be 4 as the Forces of any circular Areas 41% 
le M BDO E attacting ths Ovrpaics Fin the - 
al Direction of Its Ar PO. 
; . Now ſinc in Natural Bodies mis 
15 Pope in any fi ingle Particle is znverſely as 


of Ihe Squares of the * therefore 7 = 
* did e thi above Exp 

re : | 

a Force 1 


> 6 NW if wx pur AG = 5, PA = PE 


PBS T=. and PN =; 


tem A'G XAN=27 x5 ERERO, 3 
P N (6cF2rs 
=2#fc#269—2cc =) Pf =: Tacx 
. Hened2+5+20 =: ac +2rcÞ2cx 


eue eee 


l 


a ü 57 Ms 
auſ B S Afar). Aud becauſe the 
Force of Attraction in the circular Plane 


whoſe Diattieter 15 f 6] is — 8 2 1 | 


+ 27% 22. ar <p YC :3 yak 
e | i wi 


F 8 I 4 + & 1 


$22 


* 


1 E PEN PIX. 
ply this by theF luxion of the Diſtance, viz; 


* A A — Ln] 5 
5= ==>, we ſhall have— : 


£08. [4 bb. 


whoſe Fluent 2 N 2 18 proportional to to 


the Attraction of any Segment BAO of 


the Globe upon the Particle P. 110 
7. HERNE, when x = 2.7," the \Expref 
8 * 7 


ſion will become = i . or imply — 7 pf for r the 


of their Quantities of Matter directly, and as 
the Squares of the Diſtances from their Centres 


inverſely. And therefore ſince the Number 


of Particles only, and their Diſtance from 
the Centre, enter the Expreſſion of the 


Force, it is plain the Effect will be the ſame 
upon a CorpuſcleP placed any where with- 


out the Surface of the Globe, as if the 
whole Maſs of Matter were contradted in- 
to a Point at its Centre. Q; E. D. 

8. To apply this: I all the Matter of 
the Earth were contracted into the Centre, 
and the Waters of the Ocean were to con- 


tinue their diurnal Rotation the ſame as 


Be T2 


they now do, they would then be affected 


in the n . by the Earth and 


* 11 5 


yi: III Moon 


8 *X 


Attraction of the whole Globe. Whenceit 
appears, that tbe attractive Forces of. ſpherical 
Bodies are to one anather in a Ratio compounded 


5 APE ND Fx 2 
; Moon as they now are, and have All the 
: ſame Phenomena.” And therefore if a 
: Body, inſtead of revolving at the Diſtance - 
p of the Eartli's Surface about its Centre, 
> i were to revolve at the Diſtance of the 
1 Moon, every thing would happen in a ſimi⸗ 
5 lar Manner, and the Effects of the Earth 
= 1 and Sun in diſturbing the Motion of the 3 
- MW Satellite would be like whole which are pro- | 3 
e duced in the Motion of the Water by the 
7 Earth and Moon, but only in a 4 Dez. 
1 Sree... 5 ; | 
} „ AorhER Thing to be > 18, 
0 that the Moon revolves not about the Centre- - 
: of the Earth as the Centre of its Motion; 
and therefore in order to conſider its Mo- 
tion in the beſt Manner, we muſt deter 4 
mine the Diſtance to which the Moon muſt 4 
| be removed from the Centre of the Earth | 
at Reſt, (and conſidered as the Centre of 
its Motion) that it may revolve about it in 
the ſame periodical Time that it takes up 
now, together with the Earth, in revoly= 
ing about the common Centre of Grout | 4 
See Annot; XXVII. HA. AL a} 
180. IN order to! this, Jet D be the Dif: AE 
tance of the Moon from the common Centre 
of Gravity, and 4 that of the Earth from 
it; then will D A be the Diſtance of the 
Vc Y 2 . 


Plate 


inverſely, we have FP: f:: : BTT. 


the Centres of Motion; (See Aumnot. XXIV.) 


ARHATEN DOI Xs 


een hin Boos which: nnd 


18: GO Semidiametars. Now: ket = Dif: . 
tance required; then becauſe the attracting: 


Forces: (F and f) in any two different Dif. 


tances are as the Squares of thoſe Diſtances 


Again, becauſe the periodical Fime is given, 
or the ſume in both Caſes, we have tlie 
Forces proportional to the Diſtances from 


therefore P: f: D x; Conſequentiy! D: 


x 22 * : D+#,, therefore x* =D+4 xD; 
and- multiplying. by D + d, we have, & * 


u D+d=Dt9. „D. whence D 4. 4 Dy; 


Bc: * 79 therefore,” Bd: CB D:: 

h: x. But D. d: D:: the Quantity 
ok, 1 Earth and. Mon toge-: 
ther: the Quantity. of Matter un the Earth 
alone; that,is, as as 40, 31 10-39, 31. Whencg | 
40,31: 39,9: 160, 5 bo , 1 Dif 
tance: at hich; the: Man would revolua abu 
the n at. Bg. the * Ties it. n 
del. 
11. 1 19 1 pmb len be the | 


XVIII. Sun, H theRarth, and Ea Satellite revaly- | 
Fig-7- ing about it, amd:let S K ba the Mean Diß- 


tance of the: Satellite on Moon from: the 
Sun and. n the plea gies 
* 


AP PE ND I Xs 


$4 StS then ſtiall 8 L, or 8 rays 
pound the ncteleratite Attraction in an 


is, the Force at P is to the Force at p as 
SL is to SJ; for 8K $%; and SR = 


$LXSP*=8/X 97 5 therefore 8L: 811 


8 1 . 8 2.5 F F 21 ''Þ 7 


| Diſtance: of the Satellite SP'or Sp. That 


. #28. | 
by which it is'attrafted towards the'Sui'S; "0 
And take 8 : SK it $SK*' 5 8P*, and 81: 


14. JotN P 1 and » TD, arid dn patul=pite 


lel therets the Lines I. M und In, Theetinig |: 


LXVIII. 


8 T in M and u. And the Attraction 8 L, Fs 8. 


S1, is teſolvable into two bthers 8 M and 
LM, and 8 m and in.  Henice the 
P is urged with a Threefold 
(I.) That by whiel i is attracted er tonds 
towards T, ariſing from the mutual At= 
traction of the Bodies T and P. (a.) The 
Force L M, or In, by which it is likewiſe 
urged towards T. (3.) The Force, $M, 


Sm, by which it is urged towards S, of - 
attracted in Directions ee e 


8 T. 


tells 


ought to deſcribe an Elhipſis about T 


in one of its Fort, and therefore Areas pro- 


portional to the Time, as is evident from 


Forte! w | 


13. BY the firſt of theſk Foros the Sa- ; 


what W{#$ in meta Che 
"finds 


Aru N DIA. 


red; but the Caſe 1 is the ſame, ſu ppoſing 


it \moveable with the Body, P about a com- 


mon Centre (which. is really the Caſe of 


the Earth and Moon) as Sir Jaac Newton; 


has Thewn 1 an Theor. XX. and n. = 1. al : 


the Principia. i l i It 


214. Tux ſecond Force LM. as 105 cate 5 
ſpires ta impel the Body in the Direction 
PT, is to be added to the former, and 
cauſes that the Body ſhall ſtill deſeribe 
Arens proportional to the Time. But becauſe 
this Force is not in the inverſe Ratio of 


the Square of the Diſtance, it will, com- 
pounded with the former, cauſe the Curve 
which the Satellite deſcribes to deviate from 
an Elliptic Form, and the more fo, cateris 


paribus, the greater the Proportion is which 


this Force bears to the former. Theſe 
Forces L: M, Im, have been en gan 


TL. 
LEXXIV. 9. L to be as 7 and © 85 LY ; and 


therefore. increaſe and decreaſe: with the 5 
Diſtance PT or FT. 2 


15. Lasrir, the third Force SM: im- 
pelling the Body P in Directions parallel to 
T 8, will compound 4 Force with the for- 


mer two, that is not directed from P to T. 


and'ſo will cauſe that the Body P-ſhall-no 
weferibe. prop: dana to thi Tims 


* » ö ” 
” * * „ . « 1 9.7 
g +» = 34 - 5h + © * 
- S " * 
4 £ ; . * 
a , Tint 
- 


Ann 


(as we have heum). It will alſo aungment 
the Aberration of the Orbit from an El. 
liptic Form, n a double Account, viz. both 
becauſe it is not directed ftom P to T, and 
alſo becauſe it is not inverſely. as the Square 
of the Diſtance PT. For the Forces SM 


1 lt 
, 3 7 3 ©. 4 < 4 KH £ 
3.3 3 My 


1 ON 1 „og 
FLEETS pi: gp 8% 8 Pi. Theſe 


Errors therefore are leaſt of all has the 
fecond and third Forces (eſpecially the 
third) are fo, oy fieſt Force remaining 
the fame. 18 
16. Ny 8 N exports: rehe? Force by 
1 the Body T is accelerated towards 
8j then if the Forces 8 M and SN are 
equal, they; by attracting the Bodies T and 
P equally, and in parallel Lines, will cauſe. 
no Alteration in their Site or Pofitions- in 
teſpect of each other. But when the Force 
$M is greater, or 8 m leſſer than the Force 
8 N, the Difference N M, or Nn, will be 
that alone by which the Proportionality of 
the Times and Areas, and alſo the Elliptic 
Formof the Orbit, will de diſturbed. Hence 
when N M or N is nothing, or leaſt of 
all, the aforeſaid Perturbations will vaniſh; 
that is, when the Body P is nearly in * 
Points C and D of its Orbit. 6 


1 7. Wr have hitherto ſappeted che Bei ee 1 
p revolving about T in the ſame Plane R 


Ve - with *® 


— 


with 8; let us now ſuppoſe 


' Plane, in which are the Bodies 8 and T. 


NM, and let Pp be the Space. through 


Aru 
it to revolye ig 
2 diff rent Plane, and let the Semi-Orhig 
CAD be above, and CD.B below the 


In this caſe. the Force L M will have the 


ame Effect as before, z. will only tend 


or impel the Body P from p to T. But the 
other Force N M, by acting in 2 Direction 
parallel to 8 T, and therefore (When the 
Body P is not in the Nodes C, D,) _ 
to the Plane of the Orbit P A B, will, be: 
ſides the aboye - mentioned Error in Longiz 
tude, induce an Error in Latitude, or fury | 
the Inclination of the Orbit. inp 


18. Fox let P q be. drawn parallel to 


which the Satellite P. would move in ity 
Orbit in a ſmall Particle of Time, excluſizg 
of the Force N M; and by the Force 
NM alone ſuppoſe it in the ſame Time 
moved through the Space Pr; then come 


pleating the Parallelogram Pr sp, and 
drawing the Diagonal P.s, that will ver 

preſent the real Motion, and s the. trus 
Place of the. Satellite at the End of the.ſaid 


Time: But tis evident the Lineola, B. is 
not in the Plane of the Orbit C AD. 
19. Hence it follows, that by the Ferse 


K N. * the Hor: F mol be acoelerated _ its 
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Motion fom Cle . a 125 Dito. E B, 

and B as it paſſes from A to D and 
fram B ta C. For let Rg be drawn paral- 
lel ta NM, and expound that Forces then 
continuing T P ta 2, and drawing gr pers 
pendlicular thereto; the Force Pg becomes, 
reh ed inta tha two Forces P and.rg;. | 
of which the former, acting in the Direc- 3 
tion PT, does not diſturb the Planet's Mo- 
tian in Longitude, nor the equable Deſcrip- 

tion of Areas: But the other Part r g, act- 

ing in the Direction 19. conſpires with the 

Motion of the Satellite P in its Orbit, (as 95 
being parallel to the Tangent on there- T 
fore accelerates its Motion 1 in Longi 


. * 
* 
* 
4m gets ©4207 oe ERR 


| on bet ween A and D, it LXIx. | 

5 appear that the Motion of the Satel- F'g- 1. 

lite will be there retarded, the Force 9 

being on that Side in a contrary? Direction. | 

20. AGAIN, as the Planet paſſes from 

D to B, it will be again accelerated; for 

kt E here expreſs the Force Nm, which is 

now negative, or acts in a contrary Direc- 

tion to the former NM, that is, from p | 

tos, ſuppofing as parallel to N mz for then 85 

ks conſpires with the Motion of the Planet 

in the Dicection of the Tangent c 4 In 1 

oe lame Manner it is ſhewn the Planet is 
retarded ; 


RE" 2 
ee * N 


* 
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retarded in going from B to C, 18 the ane 
trary Direction of -s. . 

21. Hence alſo it appears, that fines; 
the Body P is conſtantly: accelerated from 
C to A, "i from D to B, the Velocity: of 
the Satellite will be greater in the Points A 
and B ue . ) 98 in 118 Tons 
En DJ 4 5 55 

22. Tus Orbit al ill 6 ceteris ndl 


be more convex in C and D than in the 


Points A and B; for the ſwifter Bodies 
move, the leſs they :defle&t from a Right. 
Line Courſe in a given Time. Moreover, 
in the Points A and B, the Force LM and 
NM are directly contrary to each other, 
and their Difference NM — L M = KL, 
„will be as the Force which draws the Bod) 


from T towards 8; and fince this Force 


K L is greater when the Body is at A, than 
when at C or D, the Body will there be leſs 
urged towards T, and ſo will leſs deflect 
from a Right Line. The ſame may be 


- ſhewn when the Body is in the Point B by 


the Force &/. See Anunot. LXXXIV. 20. 
23. Wukxcx the Body P will (cater: 


| paribus recede farther fr om T1 in the Points 
C and D than at A and B; as is eaſy: to 


obſerve from the Figure of the Orbit, which 


18 leſs curved, 4 80d therefore nearer to Tat 


5 1 1 A and 


APPENDIX. 


ad is upon Suppoſition that the Orbit 


Circle, and not an Ellipfs, which Caſe will 
x conſidered by and by. 


he central Body T, by which the Body P 
; retain'd in its Orbit, is augmented in the 
oints C and D by the addititious Force 
M, and Aminiſhed” in the Points A and 
by the Force K L; and becauſe K L is 
ways greater than LM from C to A (and 
6 louble thereto at A, See Annet. LXXXIV. 


er, 
nd Wo, 2 1, 22.) and from & to D, (where it 
er; Wecomes equal to it,) therefore the centri- 
L, etal Force (F) 1 18 upon the whole dimi- 
dy Wiſhed by the Action of the Body s 8. And | 
ce 


herefore i Radius TP (a) remaining 
he ſame, the Periodical Time (P) of the 
lanet will be augmented by the Action of 


the Power KL; ; and becauſe 1 in that Caſe P: : 


— - it - APPEArs. the Periodical Time _ 


ris 
ate he increaſed i in the 8 ubduplicate. Ratio, by 
1 hich the Force F is decreaſed. 


25. AGAIN, ſuppoſing the e, 


when 


and B, than at C and D. What is here 


Jercluſive of the perturbating Forces) is a 


24. Bxcausk the centripetal Fore of 


xeauſe P: „ by Anat. XXXIV. 6. ) | 


Gd 
1 


01 K F to remain the ſame, (as we may | 


332 


When KL is very ſmall with reſpect t. 
it, Ann. LXXXIV. 22.) 3 } 
the Diſtance PT (a) may vary, we 


| Ratio Pi EP which f is ſubduplicats of U 
by which the central Force F is inereaſal 


of the Action of the diſtant Body 8. 


Ap P'ENDISY. 


PiA, or P: V. Therefore ak 
neither the Diftance (a) nor the centripetalſiſ 


Force F are conſtant, we have: 1 ol FAC 
x „ 


e 2 3 that 1 185 the Petjodical Time ie (P) wil 


be in a Ratio compounded of the Seſqui- 
plicate noe the Diſtance Ve, 4 and h 


7 F 
er diminiſhed by. the Decreaſe ar Increak 


26. From what has been ſaid, it follows 
alſo, that the Axis of the Ellipſis deſcribe 
by the Body P, or Line of the Ap/fides, has 
an angular Motion backwards and foi 
wards by Turns, but its Progreſs exceeds 
the Regrifs; ; and by that exceſy it is upon 
the. whole carried forwards, or in Conſe- 
guentia. For the Force by which the Bod) 
P is urged towards F in the Points C and 
D. where the Force MV vaniſhes, is com. 
n ef che ore ge and the cen: 


: 4 


AT PEN DFTx. 

| tel Force or Attraction of the Body T. 
former Force L M, if the Diſtance 
T be increaſed, increaſes nearly in the 
je Natio; and the latter Force (F) is in- 
n as the Square of that Diſtance, viz. 


F wy wherefore the whole Force is as 


7+ pa 


ts 
1 
. is 
pfis (when the Satellite is in the Quadra- 


orce at P will be to that at Cas 25 to 36 
ut the additional Force (L M) at P is as 
'T=6, and at C as TC 5; therefore 


16: 36 ＋ 5; or as 3 to x, which ig 


a = = 44,6. Bun me Ratio. 
aner: 47 is leſs chan the Ratio 22 + 44,64. 


28. HenCE, ſince when the Force. at P 
Ber 


* — 


FAB} 
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27. Now F: TP+ —= is a leſs Ratio : 


DH * Example: Let the El- 


Ss) be A PB, and the Axis be AB; the 
ſtances from the central Body F let be 
T: C T.:: 6: 5; then the centripeta!l 


he compound Forces at P ant C are as 


i lefs Ratio than 25 : 36. For as 25: 36 


dhe Planet deſcribes an Bllighs | 


334 
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— : 8 
It : * Py F 8 932 
RH Þ: END: Tx. 


7 


P AB; and when the ſaid Force i is a8 1 


P T* 


the Curve is the Equiangular Spiral Ps 


(by Annot. CXL. E tis OI the Satellite 


| will with a Force : as P T * deferib 


P P 


an Oval P 49 ſtill more curved than the El. 


lipſis, and ee will lie within it. Noy 
were the Planet P to ſet out from̃ any Point 
P. (in which the- Radius T P cuts all the 
three Curves in one commòn oblique Angle) 
and to proceed firſt in the Spiral Path from 
P towards s, the Radius TP would con- 


ſtantly interſect the ſaid Curve in the ſame 


Angle as at P. But ſecondly, if it proceed. 


ed in the Elliptic Arch from P towards 4, 


the Angle TPA would continually be al. 


tering and approaching g nearer to 2 Right 
Angle, which it would make when it ar- 


rived in the Point A. Laſtly, if it {et out 
in the Oval Pag, the ſaid Ang le 'fPy 
would- alter much faſter, and a pproach 


more quickly to a Right Angle, which 


happens in the Point a, becauſe of its 
greater Curvity, or. Deviation from the 


Spiral Ps. | 
29 TuzREFORE by this compiz Force 


the higheſt Apſis A will be removed back- 
wards to @, or the Axis of the Ellipſi AB 


Will 


g. eg 


A * * 
* 


double thereof; therefore the compound 


which happens at @. 


An pawn ab 


wilh recede into the Poſition a 5; and this 
will be the Caſe every Time the Line of 
the Apſides comes into Aa with the 
San. a: 
30. Ox the other hand, when the Satel- 

ite is-in the Syzygical Line CP it is urged 

with a Force in the lower Apſis C, which 

is equal to the Difference between the cen- 
tripetal Force and that expreſſed by K L; 
and in the upper Apſis it is equal to the 
Difference between the central Force and 
213 which klis as PT or AT, as being 


Force about the upper Apſis is 1 
— P T. which] is a greater Ratio than that 


oF: Pk 
464: 992 19: 31. But 19: 34 is a greater 


or, in Numbers, 25—6 b 


Ratio than 25 to 36; whence the Path of 
the Satellite P 2 q is not ſo mueh curved as 


the Ellipſis PAB, and therefore lies be- 


tween it and the Spiral Pys; and there- 
fore as the Radius moves from P towards 
A, it ſooner makes a Right Angle with the 


Ellipſe at A, than with the Oval Pag, 
The Line of the 
Apſides A B therefore . arne in this 
Np and becomes a4. 


31. hy 


1 
PT. 


E 


456 


that required. Now: becauſe of ſimilar 


Ar ENS 

31. And becauſe the ablititivas'! Bl 
A is twice às great as the addititioits Part 
In for the upper Apfis, and K EL = 2 LM 


for the lower; therefore the Ratio of the 
compound Forces, Whith is greater - than 
the Ratio of the Squares ef the Diſtineey 
inverſely; will upon the whole prevail, tid 
_ cauſe a prog 


ve angülat Morgen 6f tlis 
7 of the Apſides. 5 

2. HENex tis evident chere 18 8 rte 
Pein between the Quadeatirres ætict S2). 
gies; Where the Apſides are quieſcetit f to find 
Which, let P be the Place of the Sateſfite i 
the Apſis required; through P draw 1 


equal and parallel to NM or T M, an 


produce it 105 K, then is PS 3 PR 
(Annot. LXXXIV. 21.) From let fall 
the Perpendicular r upon T P produced, 
and the Force Pq is reſolved into two others 
Pr and gr; of which gr, by acting pef- 
pendicularly to the Radius, does neither 
accelerate nor retard the Motion of P t6: 
wards T; but the other Part Pr, acting 
directly contrary thereto from P towards 7, 
diminiſhes the centrab Force of P towards 


T. But the Force L M or PT augments 


it; the Point therefore where P + = P is 


ere TPK and g Pr, we liave PT: 


* V : * 5 


2180 O . 2 „ 


* 
h¾1m r # CT 


AS rH 


1 


> 


APPENDI x. „ 
PK::Pg (=3PK):Pr = PT, in the 
Caſe propoſed. Therefore 3 P K = = = P 3 
whence PT : PK :: V3: 1 
33. Hence we have this A As 
V3: 1:: Radius PT: Sine PK of the 


Arch CP = 35" 16. The Point, then, 
where the central Force is neither increaſed 


nor diminiſhed by the Force of the Sun, 
and conſequently where the Apſides are at 
Reſt, is at 35 16' on each Side the Qua- 


dratures, or at 54 44 from the Syzygies 


on each Side; ſo that the A pſides do in 
each Revolution of the a (ceteris pa- 
ribus go backwards through 141 4, and 


forwards through 2187 50. 
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34. SINCE the Progreſs or Reareh of the Plate 


Apſides depends on the Decrement of the Fig. mg 


central Force in a greater or lefſer Ratio 


than that which is duplicate of the Diſ- 


tance in- going from the lower Apſis A to 
the upper one B, and alſo on à ſimilar In- 
erement in returning from B to A, and is 
therefore greateſt when this Proportion of 
the Force in the upper Apſis to that in 


the lower Apſis does moſt of all recede 


from the inverſe duplicate Ratio of the Diſ- 
tances ; it is evident that the Apfides in 


their Syzygies by the ablative Force K I. 
| Vor. Ul. | 2 | will ' 


4. 


1 


Ar END IX. 


will go. forwards more ſwiftly, and more 


flowly in their e 1 IE 


tious Force LM. . 
35. Fon let the abſolute Forte of Þ Rude 


tion in TD be= = a, then' TI this 1 18 every | 


where in the Ratio of Pere at the Body p. 


FR 


the Forte by which the 0 P is attrafted 


LEE 
+} 35 


towards: T wil be 2s 7 _ Again, i if the 


Satellite p be within 54 Degrees of the 
Syzigies A or B, its Force is diftut by 
an extraneous Foree (5), which is cy 
where as K L or # I; therefore this pertu 


| bating Force is 5X K L. or 5 & Ei ſo _ 
.* the Force upon P in the Points P and 7 
(within Loa 2 Is | Gf w_ in the 


Ratio of 5 —b xk; 
which Rene, | wen x is in the Point A 
and B, becomes 7 = — 5 * A T to == FT 
3 BT. (becauſe then KL : 271: : AT 
T, and TP=AT, and pT BT, as 
has been ſhewn). "Now this reduced toa 


common Denomination. 1s, TB: X a. — 
58 T* to AT! x TF. 3 15 
. 5 8 36. Now 


irre 0 


47111314 


36. Now this Ratio recedes ſo much 5 
the more 55 the Ratio of TB? toAT*, 


EO 
or Xe be TK. 


recedes from an Equality with 7=Ix T. BY; 


by how much a+ * XII a 


or by how much A I is leſs than T B; that 


is, when the Line of the Apſides is in the 


Syzygies, as in Fig. 5. In this Poſition plate 
therefore the Apſides will go forwards  foifter LXIX. 
than in any other. | 


Bur when (in this Caſe) the Body P 


is in the Quadratures C and D, the addi- 


tional Force LM becoming equal to C T 
TD, and CT + TD being here leſs than 


in any other Situation of the Apſides, (as 


Fig. 1Y from the Nature of an Ellipfis, 
therefore the Ratio or Quantity of the per- 
turbating Force thence ariſing will be leaſt 


of all; and conſequently the Apſides will 


recede ſlower in this than in any other Si- 
tuation. Hence, upon the Whole, the 
Exceſs in the Progreſs of the Apſides will 
in this- Situation be greater than: in * «> 
other, | 


wn 


— 


ated in the Quadratures, then for juſt con- 


trary Cauſes the contrary Phænomena will 
happen; that is, they will recede moſt 


wi when the Satellite is in the Quadra- 
2 2 Ties, 


38. Is the Line. 55 7 Aplites be ſtu- Fig. 6 * | 78: 


— 


Aer nn 


tures, and proceed moſt ſlowly when it is 


Plate 
LXIX. 


Pig. 7. 


Ari. 24. 


in the Syzygies. So that in this Caſe the 


RNegreſs might exceed the Progreſs, and the 


Apſides upon the Whole be moved in Ante 
cedentia, were it not that the Force K L, 
by which they go forwards at A, is near 
twice as great as L M, by which they go 

backwards when the Body is at C. Ses 55 


Tux Exceſs of the ts above 
the! regreſſ ve Motion of the Apſides will 
be augmented, if the Bodies P and 8 move 
both towards the ſame Parts; for then the 
Apſides will continue a longer Time in and 
near the Syzyges, than if the Body S were 
fixed: And on the contrary, as their Mo- 


tion would be contrary to that of 8 when 


P is in the Quadratures, ſo the Time of the 
Regreſs will be ſhorter; therefore the Time 
by which they go forwards will, upon the 


Whole, be from hence very much in- 


creaſed. 


40. FroM 3 we ave deten esd 3 
(Art. 28, 29, 30.) it is evident, that if a 


Body in deſcending from the upper to the 
0 lower Apſis be urged by a centri 


tal Force, 
which increaſes more than in a duplicate 


Ratio of the diminiſhed Diſtance from the 


Centre, it will deſcribe a Curve A cb inte- 


; 3 3 5 8 8 i | o2 1 
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rior to the Ellipſe A CB, and conſequently 


more eccentric, inaſmuch as. the Ratio of 
TB to TA is increaſed by being changed 
to pot Ratio of Thto TA 

O the contrary, if a Body ſets out 


| ben the lower Apſis B towards the upper 
A, and is attracted every where with a 


Force that decreaſes more than in the du- 
plicate Ratio of the increaſing Diſtance ; 
then, being leſs attracted than it would be 


in the Ellipſe, it will deſcribe an Orbit ex- 


terior to ths Ellipſe, as Bd a; which alſo 
is more eccentric than the Ellipſe, becauſe 


T's to /T'B.is a greater Ratio than TA | 


TK: 


42. By the ſame Way of Renin we 


ſhew, that if in the Deſcent the Force be 


increaſed in a Ratio leſs than that of 
the Square of the diminiſhed Diſtance, or 


in the Aſcent it be diminiſhed in a Ratio 
lefs than the Square of the "increaſed Diſ- 
tance, the Orbit deſcribed will be leſs e- 
centric than the Ellipſe. 

43. TakERETORR when the Satellite Pi 18 
in the Quadratures C and D, if the abſo- 


lute central Force be to the abſolute addi- 
tional Force as a to n, we ſhall have the 


whole Forces at C and D, in the Ratio of 


„„ 


*. 


CZ Ar rA 


E ref rb. hich 


a F BN N to TN 
T5. But this is a leſs Ratio than that 


of T D' to TC, becauſe C T is greater 


than TD. Therefore i in that Part of the 
Orbit where the addititious Force LM takes 
place, the Eccentricity will be diminiſhed, 
by Art. 42 


44. + MY SER A the Satellite in 


the Syzygies P Q, then the Force in Q 
will be to that at P as T T P*X INT 


to TM xo —bXTP, which Ratio is 


greater than that of IP- to T Q becauſe 
T Qis leſs than TP; wherefore in and near 


the Sy 


zigies the Eccentricity of the Orbit 


: will be increaſed, (by Art. 40, 41.) The 
Eccentricity therefore of the Orbit will be 


twice chan 5 in 1 ene oy the 
Satellite. - 
45. Ir the Pl be ſituated in the 
 Quadratures, then, becauſe the Ratio of 
TD to TC is greateſt of all, the Eccentri- 
city of the Orbit will be leaſt of all, (Art. 


43.) Again; when the Apſides are in the 


ies,” the Eccentricity is the greateſt of 5 
all for the ſame Reaſon, v:z. the greateſt | 


Pry: of A i and TB. Hence the 
: Eccentricity 


\ 


APPENDIX. 
 Eceentricity « of the Orbit is continu ally ; 
_ creaſing as the Apſides paſs 1 from the 4 
i to 1 . and vice 1 7 . 


$43 5 


Orbit be inclined to the Plane 3 in which are 
the Bodies 8 and T, the Motion of the a- 
tellite i in Latitude will 3 in no wiſe be diſ- 
turbed by the Part L M of the extraneous 
Force, Fe. only. by the other Part NM, 
and. not by that neither when the Nodes 
are in the Syzygies; but when they are in 


the Qua uadratures this Perturbation 18 en 
of all, 


"Fon let b 7G the Satellite i in its Orbit plate 
Wo AD, inclined. to. the immoveable Plane L Fe . 


CFD in any Angle ADF; and let PSF 
expound the Force of the Body 8, attract- 
ing the Satellite 1 in the Direction P 8. From 
P ſet fall the Perpendicular Pꝗ to the Plane 
CFD, and draw, the Rig ht Line T9 8; 
then the Force P 8 is reſolvable into 2 
Forces 8 9 and P 93. of which the former, 
being in the ſaid Plane CFD, does not 
diſtu ib the Satellite 8 Motion i in Latitude; . 
but the other Force Pg, being perpendicu- 
lar to the Plane CF D, is wholly ſpent in 
drawing the Satellite from its Orbit CAD 
tomande it, and 1 is. Proportional 
. O31! Tat | Z + | 8 o 


! \ 


8 
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92 5 the Force by which the Mation's in Lati- s 


tude is diſturbed. But the Force Py is 


. evidently greateſt when STD is a Right 4 
Angle, and is nothing when that en 


voaniſhes. 


48. Wren the Nodes are in he . 
dratures C, D, as the Satellite P paſſes from 


the Quadratures to the Syzygies the Incli- 


nation of the Orbit is diminiſhed, and it is 


increaſed in going from the Syzygies to the 
Quadratures.. For let Pq (as before) re- 


preſent the extraneous Force NM, and the 
Direction of its Action; we have ſhewn 


that the Body P will deſcribe the Lineola Ps 
in a ſmall Particle of Time by the com- 


pound Force, which Lineola Ps is not in 


the Plane of the Orbit CP D, but deflects 

from it towards Pq; ſo that the Satellite 

really moves in the Plane T Ps, which 

produced will not meet the Plane E C F in 

C, but in another Point e, toward the Op- 
poſition B. 


Pl, =M 49. FoR with the Radius TP deſcribe 
the Cirde ECFDin the fixed Plane paſſ- 


ing through T and 8, and in the Hane 
'TPs the Arch of a Circle Pe interſecting 


the other in c. Now becauſe the Force 1 
N Mis very ſmall, compared with the cen- 


tral F ons, therefore the Angle C Pc, the 


a Inclination 
>. 


—— — pf — 2 & =, = 


f 


1 v N b >. 


Inclination of the Planes 0 PT and r, 
18 exceeding ſmall, and the Arch Ccanin- 
finiteſimal Quantity therefore ſince PA 


is a finite Quantity, "the Sum cf the two 
Arches. PCP 1s leſs than CAS AD, 


or a Semicircle ; and hence in the ſpherical 


Triangle C Pe the external Angle P CF is 


greater than the internal oppoſite An gle 
PcC. (Se my 7 zung T rigonometer's Guide, 
Vol. II.) That ! is, the Inclination of the 
Plane CAD to the Plane CF D is greater 
than the Inclination of the Plane PT 
thereto; which was the dil * hing to be 
ſhewn, 

50. In like Manner we prove, that as 
the Body P goes from the Conjunction A 
to the Quadrature D, the Inclination of 


the Orbit will be ncreafel ; for if, in this 


Caſe, through the Points P and s we de- 
ſcribe an Arch of a Circle in the Plane 
TPS, the ſaid Arch Ps 4 will meet the 
Plane CF in the Point 4 between F and 
D; and the exterior Angle PF, the new 


Inclination of its Orbit, will be greater than 


the interior oppoſite Angle PDF, which 


was the Inclin ation when the Satellite was 


at A; which was the ſecond. thing to "be 

hen, 3 

= + Hencx tis evident, that i in this g 

tuation of the Nodes the Inclination of — 
Or it 
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e | Orbit is leaſt of all when the Satellite is ; in ne; 
the Syzygies at A, and that it returns to w; 


for the ſame Things are in the ſame Man- 
1 * remoter Part of its Orbit DBC. 


ation have a retrograde Motion, or are ear- 


e 


its former Magnitude at the next Node; 
ner ſhewn when the Satellite paſſes through 


52. Hence alſo the Nodes in this Situ- 


ried backwards from the Site D C to dc, 1, ; 


in half a Revolution of the Satellite; and an 
they recede as much more daring the other I an 


' PLLXX, Rt Beans. FE wy thr 


Fig. 2. 


53. Ir the Nodes K, L, are in the Oc. fan 
tants after the Quadratures C and D, then Ct 


(i.) The Inclination of the Plane will be!] 
conſtantly diminiſhed in paſſing from the Mit: 
Node K to the goth Degree at H or G. 
(2.) It will be increaſed during the Motion 
from that Point to the next Quadrature 


or C.  (3.) During both theſe Tranſits 
or the Motion from K to D, or from L to the 
8 the Nodes go backwards. In paſſiag I the 
from the Quadratures to the next Node the an 
Inelination of the Orbit is diminiſhed, and N wh 
the Nodes go forwards. The firſt, ſecond, and 


and third are ſhewn as before, (Art. 
49 — 52.) and the fourth is thus demon: 04 
ſtrated. W. 


Wurx the Satellite P has paſs'd th ing 


laune D, the Power N M becomes 


| negative 


n negative, or acts in a contrary Direction 

o with reſpect to T, and hence the Lincola 
Is deſcribed by the compound Motion 75 
dees from the Arch of the Orbit P ft 

h Nl wards the Side B A; therefore tis 3 
Ihe Arch of a Circle P 455 deſcribed. with 

u- the Radius TP in the Plane T PS, will 

r- meet the Circle FL B in a Point / between 
,L and B; then, as before, we ſhew the 
nd Angle PF is leſs than the. Angle PLF; 

jer x the Node L has, during the Motion 
- Eithrough DJ, gone forwards to 7. The 
e- fame Things happen in the Tranſit from 

en C to K. | 

bell 55. FroM what we have. demonſirated 
the it appears, that during the whole Tranſit | 
G. from the Node K to the Node L, the In- 
on I dination of the Orbit is more diminiſhed 
DW than increaſed, and the ſame Thing happens 
its, on the other Side in going from L to K; 
to therefore the Inclination is always leſs in 
ing me ſubſequent than in the preceding Node. 
the And this will be the Caſe, more or els, 
and I wherever the Node K 1s PR Fromm R 
nd, and 8. 3 

il 56. Warn the Node are in the other 
Octants, vi2, between 8 and V, and R and 
W; then, (1,) While the Body P is paſt 
ing from the Node to the next Quadra- 


Pl. LXX. 
Fig. 3. 
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ture, the Eieclinsgion of che Orbit is in- 
creaſed, and the Nodes go forwards. (2.) 


In paſſing from the Quadrature to the 
goth Degree from the Node H or G, the 


Inclination is diminiſhed, and the Nodes 
go backwards, (3.) In paſſing from thence 


to the next Node, the Inclination is in- 


creaſed, and the Nodes ſtill go backwards, 


The ſecond and third are demonſtrated al- 
together as before, (Art. 49.) wad the ark 
18 thus ſnewn. 

7. Tux Satellite being at P, bet 
K and C, the Direction of the Force NM 
is that of Pq; whence the Lineola, Ps, 
deſcribed by the compound Force, will de- 
fle& from the Arch P of the Orbit to- 


wards the Side VR; and conſequently a 


circular Arch eie on the Centre T 
through the Points s and P, in the Plane 
T'5P, will meet the primitive Circle VSR 
in a Point between K and 8. Therefore 
the Angle EF is greater than the Angle 
PK F; and the Node K is carried in Con- 


Nguentia from K to x. The ſame Thing 
is ſheun for the other Part of the Orbit 


5s. Wink it appears, that ſince the 


Nodes go forwards only while the Satellite 


is een the N ode and the next Quadra- 
| ha 


ArrENDAIY, 


Lure, and backwards while it paſſes from 
9 thence to the next Node, the Nodes in each 
1e Revolution go backwards more than forwards, 
de and therefore, upon the Whole, the Motion 
s G the Nodes is abſolutely backwards, unleſs, 
ce fl they happen to be in the Syzygies, where. 
a. | they are quieſcent ; becauſe in that Caſe © 
. © the Motion in Latitude is not at all diſ- 
l. turbed by the Force N M, and conſequentiy 
where the Inclination of the Orbit is the 
fl greateſt of all. (See Art. 46. 7 ö 
8 59. ALL. the Errors in the Satellites 3} 
1 ll Motion hitherto deſcribed are a little greater 
In the Conjunction of the Bodies P and 8, 
e. chan in their Oppoſition; becauſe the ge- 
o werating Forces N M and LM in the for- 


à mer Caſe are greater than Nm and Im in 


the latter; as we have ſhewn 1 in Annotation 
ne MN LAXXIV. Art. 9, 10, 11, 12. Alſo it is 
R ll there ſhewn, that each of the diſturbing 
ire Forces NM and LM is inverſely as the 
ole Cube of the Diſtance, and therefore be- 
u. come greater than the Diſtance 8 T is leſs, . - 
ng Vz. in Peribelio, and leſs as the Diſtance 
bit I increaſes, viz. in Apbelia. 8 

60. Or theſe diſturbing Forces, :" 
NM is near twice as great as I. M, there- 
fore the Diminution of the central Force 
will | exceed its ee doubly; 1 and 
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z nr 
ſoß upon the Whole, the Satellite P will be 
eds attracted towards T by the joint Forces 
of 8 and T, than by the Body T alone; 
cotiſequently the Satellite defcribes a larger 
Otbit, and its Period of Revolution is 
4122 *F ; T. 
61. Is al that has been ſaid, * 8 be the 
Sun; T the Earth, and P the Moon, the 
Theory of the Lunar Motions and Irregu- 
larities is contained in the foregoing Ar- 
ticles. And as this Theory reſults from the 
Laws of Attraction, and was firſt excogi. 
tated by Sir Haac Newton by reaſoning 4 
Priori; ſo it is found no leſs conſonant to 
the Experience and Obſervation of Aſtrond- 
mers: For from thente it appears, (1) 
That the Moon deſcribes not a Circle but 
an Elipſe about the Earth. (z.) That thi 
Eecentricity of the Lunar Orbit! is variable, 
being when leaſt but 43619 ; when meaty 
55237; and when ariel, 6685 54 of ſue 
Parts as the Radius contains 1000006 
(3.) That the Moon's Apogee. 4 goes fol 
wards in the Syzygies, and backwards I 
the Quadratures; but upor the Whole f 
goes forwards, fo as to compleat à Revos 
lution in about ni Years. (z.) That the 
Moon's Orbit is inclined to the Plane of 
the Edliptic in a certain Angle. (5) Thit 
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APPENDIX 
this Inclination of the Lunar Orb 
nable, being when leaſt 1 b her 
geateſt & 18“. (5. . the” Nodes oF 
the Moon go ſometimes back 
ies forwards, and are in the Syrygies 
quieſcent. © (7.) That the Modbn of | of 
Lunar Nodes is upon the Whole'82chwarts, 
at the Rate of 20” per Annum, and ſo'as 
to co! mpleat a Revolution Ifabout” I 8 Years 
and a na. Such is the S/ 
of the Newtonian — 4 with - Afrommnitat 
Obſervation, even in this moſt Keen Pat; 
that IM might well 1 * . 


plan intur. vieh pen 2 "Ip Ci, 
Nec latet extremos uw vis eee x Orbis 
And, 11 * Ot. 
Diſci 5 uc date ud _—_ argentea Peg 
Paſſibus baud quis 924 tur; cur ſubdita nit 
Haftenus Aftronomo numerorum fræna recuſtt; 
* remeant Nw: Ln a ey W untur. * 


63. Tur fame Method of Reafoningy by 
which we have explained the Tzes, and the 
Lunar Theory,” does alſo furniſhi us with a 
Phyfical Explication of the Marion of | the 
Earth's Aris. For let us conceive nume- 
rous Bodies; ſuch as P, to means. aboub Plate | 
the Earth T, at an * ance, I: 


1 


3 e * 


Ar r END IX. 


Times, and in a Plane inclined to the bit 
Plane of the Ecliptic, tis evident each one] Re 
will be affected with the ſame Motions as of 
the Body P. Again, Let us ſuppoſe their by 
Number ſo increaſed as that they become 
contiguous to each other, and thereby Ri 
| form a fluid Annulus or Ring. of cobering 
63. 1 ſince 1 Part of the Ring 
| obſerves the ſame Laws of Motion with P, 
and becauſe while one Part is ſo attracted 
to augment the Inclination of the Plane, 
the contrary Part is affected by a contrary 
Force to dim iniſh it, + ir the Incli- 
nation of the Plane will always be variable, 
and governed by the Difference of the 8 
Forces which act upon it in contrary Parts. 
64. TrazREFoss ſince the greater Force 8 
A ways prevails, the Parts of the Ring 1. 
which are in the Conj unction and Oppo- 
ſition will move more ſwiftly, and accede I f 
nearer to the Body T than thoſe in the 
Quadratures (by Article 21, 22.) And the iſ 4 
Nodes of this Ring will be quieſcent in the 
Syzygics, but in any other Situation will 
go backwards, and ſwifteſt of all in the 
5 Quadratures (by Article 4758.) Laſtly, I: 
te Inclination of the Ring will be every 
. where analogous: to that of the Lunar 7 
K 8. dit; 


| e 356 
he] bit; and conſequently its Axis will in each 
ne Revolution oſcillate to and from the Axis 
of the Ecliptic, and be carried backward 
ar by the Retroceſſion of the Line of Nodes. 
ne 65. Ir the Quantity of Matter in the 
by Ring were to be diminiſhed in any Ratio, 
ng the Motions will all remain the ſame, as 
depending on the attractive Force of the I 
ng central Body T, which is ſtill - the ſame. | I 


ST, a given Quantity. (See Antotation | 
LXXXIV. 9, 11.) Conſequently the Mo- | 
tions of the Ring will be nga where = 4 
the diminiſhed Diſtance PT. . 

66. Sorrosk therefore the Dianieter"of 
ae the Ring to be diminiſhed. ſo far as to be 
Ic equal only to the Diameter of the Earth, 
1 and the Body T to be ſpherical, and every Plate 
i way enlarged till it equalled the Bulk of * XI. 
„dhe Earth; then would the Ring of Bodies 
J coincide with, and be contiguous to the 
Vein. lr en "Surface 


, If the Diameter of the Ring be diminiſhed, 

all the Motions will be in the ſame Ratio di- 

1-5 miniſhed alſo; for Effects will be as their 

4 Cauſes. But L M: 15 ; and, : becauſe 

» 781 18 Gant, LM is as PT. Allo Ms : 

8 ee, = * therefore M 8. is as 
PTR 

ce 

8 

0 

he 
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Surface of the Earth, and 


* 


would alſo CO. 


Ring made an Angle with the Plane of the 


Ecliptic of 23 Degrees and a half, then would 


all the Motions'of the Ring contmue, on- 
ly in a leſſer Degree; and would be com- 


municated to the Earth, becauſe it adheres 


firmly thereto; for the Earth equilibrated 
in Æther will yield to any Motion impreſſed 
upon it from without. But the Motions 
of the Ring being now communicated to 
the Body of the Earth, will be farther di- 
miniſhed in Proportion as the Maſs of 


Matter to be moved is augmented. 


67. Now this Circle or Ring of Bodies 
encompaſſing the Earth by Suppoſition is 
actually the true State of the Earth ; for 
we have ſhewn its Diameter through the 
Equator A Q_ exceeds the Length of the 


Axis N D, {Arnet. EXLVIIL) and there- 


fore it is ſurrounded by a Zone of Matter 


upon the Equator analogous to this feign d 
Ring of Bodies, and which muſt of courſe 


Fe the ſame Effects. 


68. Hence in the Equinoxes, chat Is, 


: when, the Earth's Nodes are in the Syzygics, 


| or hen the Line; of the Nodes (uiz. the 


Eaquinoxes) paſs through the Earth and 


Sun, the Inclination of the Equator and 
* that 1s, the * ATE or FT H. 


15 


= 2 Geena cg 
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is greateſt of all; and from this Time it 


grows leſs till the Sun arrives at the goth 
Degree, (or Sofftice) when the Line of 
Nodes are in the Quadratutes, and then it 
is leaſt of all. 

69. 'TnxzREFORE twice in a Year the In- 
clination of the Ecliptic and Equator is 


diminiſhed, and twice again reſtored; and 


the Nodes (or Equinoxes) conſtantly go 


backwards, and carry the Axis of the Earth 
T H with a retrograde Motion about the 


Axis of the Ecliptic T F, tracing out the 


Cirele or rather vermicular Curve HIG R 


in the Heavens among the Fixed Stars. 


70. ACA; the Plane of the Equator 


is inclined to the Plane of the Moon's Or- 


* 


bit, for the latter makes an Angle of but 


about 5 
Ectiptic ; and therefore the Moon (though 


a leſs Body than the Sun, yet being nearer) 


produces a greater Effect than the Sun on 
the Equatorial Ring or Zone of Matter, 


and fo augments all the aforeſaid Motions 
of the Earth's Plane and Axis. Sir Iſaac 
Newton has ſhewn (Prop. XXXIX. Lib. III.) 
that the Part of the annual Receſſon of the 
Egquinoxes, which is owing to the Sun, is 


g' 7” 20”, and that. which is owihg to 


Degrees with the Plane of the 


the . ts 40” 52 „az“; therefore by the _ - 


Ow 5 joint 


l 6 
„ * 


Plate 


© + 40 
Fig. 3. 


1 the latter Ratio by De, we have Q& 


. Di V + 1 
6 1. oe But becauſe 7” * D. % (ibid. 
HOG.” Art. 


ArzaNDP1iS. 5 
joint Influence of the Sun and Moon the 


Equinoxes recede yearly about 50” O0“ 12“; 
which is likewiſe verified by the Obie 


tions of Aſtronomers for 2000 Years pot. 
See Annotation CXLI. 1 


71. ISHALL now explain the Method 


uſed by Philoſophers for computing the 


Quantities of Matter, Denſities, Weight 
of Bodies, &c. in the Sun, the Earth, Ju- 
piter, and Saturn, by Means of Satellites 


revolving about them. In order to this let 
Q, 9, expreſs the Quantities of Matter in 


the two Bodies A, B; alſo let G, g, be the 


reſpective Forces of Gravity at the equal 
Diſtances AC and BD. Let T, T, be the 
Periodical Times of Bodies revolvin g about 
A and B at thoſe equal Diſtances; and let 
T, 7, be the Periodical Times of Bodies re- 


volving at the unequal Diſtances A O _ 


BE, which call D and d. e 
72. Tux in the given Diſtances. AC, 


BD, we Nees 8 (Art. 3.) But 
1 1 


68 1 = Oy. Ant. XXXIV. 6) 


1 


Whence, E 


\ 3 e 


* FR 3 


5 7 l 17. and multiplying 
gr 


J V ; 


= "00 FWW Re. 382} TS <4 


Art. 11 Ly therefore > 


ArPPENDIS. 


8.21 -- $ 


D 2 
7. ; + 1 


D a 
Qtg q 2 Tu 7 That! Ws The Quantities of 


Matter in any 185 Bodies are in the compound 


Ratio of the Cubes of the Diſtances dire ly, 


and Squares of the Periodical Times rue fely, 


of Bodies revolving about them. 


73. In this Calculation the Bodjey A and 
B are ſuppoſed at Reſt. - We conſider the 


Sun at Reſt with reſpe& to Venus, and Fu- | 


piter and Saturn in reſpect of their Secon- 
daries; and we have reduced the Diſtance 


of the Moon to 60 Semidiameters, at which 


ſhe would revolve about the Earth at Reſt. 


Now let the Diſtance of the Fauth em 


the Sun be put — — 1000 
then Venus — — about the Sun} 4 

at Diſtance „ 35 3 

wee 4th. Satellite - = 51 8 12,4975 

the 4th Satellite o urn at 8 

Diſtance 4; yore: — * ys 5107 

the Moan at the Diſtance | \ 3,0 54 
of Venus is 1948 888 

The 11 of the Jovian Sat. 1441929” 


dical Time} of the Saturnian Sat. 13776 


A + # 1995 74. Now 


\# 1 * Be | 2360580" | 
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10000: 9,305, (by Art. 71.) the Denſity of 
Jupiter compared with that of the Sun, 
By the ſame Analogy- the reſt are found, ö 


1 ; 
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74 Now ſuppoſe the Quantity of Mat- 
ter in the Sun be I0000, then for chat in 


— 


2 +. 
0 


| Ln at od LAT 1 22 228 
_— fa, Ao ess 1441929" 


and in each they are as follow. | 

In the Sun, Jupiter, Saturn, Earth, Mon, 
10000. 9,305. 3,250. 0,0512.0,0013, 

75, Now if theſe Quantities of Matter 


are divided by the Squares of the Diame- 


ters of theſe Bodies, the Quotients will be 
as the Weight of Bodies on their $ uperficies, 
(by Annot. XIX. z.) The Diameters of the 


Sun and Planets ſee in Anunot. CXXXV, 


Then theſe Gravities will be as follow. 


In the Sun, Jupiter, Saturn, Earth, Moon, 
. 10000. 936. 519. "yn: 146. 


76. IN homogeneous, unequal, ſpherical 
Bodies, the Gravities on their Surfaces are 
as the Diameters, if the Denſities are equal 
( Annotation XIX. 3.) But if the Bodies be 
equal, the Gravities will be as the Denſities, 


becauſe. they will be as the Quantities of 
r which in this Caſe are as the Den- 


es 


ſities ( Aunot. XVII.) Therefore in Bodi 
of unequal Bulks and Denſities, the Gra- 


Vi 40 n be itt a compound Ratio of the Di- 


-— ameters 


+ A1 PE N DI X. 
meter; and Denſities; Conſequently, the 


Denfitits will be as the Grevineraiaide ty. 5 
the Diameters; and therefore i in the ſeveral 
Bodies as follows. . Fr 
In the Sen, Jupiter, Saturn, Earth, Moon, 5 
10000, 9385. 6567. 39539. 48911. 
. As it is not likely that theſe Bodies 
are : hamag eneal, the Denſities here deter- 
mined are not to be ſuppoſed the rue, but 
rather mean Denſities, or ſuch as the Bodies 5 
would have if they were homogeneal, and 
of the ſame Maſs of Mane and Magni- 
tude. - 
78. Las EE be the 1 of the Sun 
and Moon to move the Sea; D, 4% their 
9 from the Earth; then F. F: 


5 Se (See Annotation XIX and LAXXIV. | 


9, 2 Let B, bh. be. the Bulks; R. 7. 
the Diameters; and N, », the Denſi- 
ties of the Sun and Moon: then, walt . 
Q: 9:: :BN: n:: RN: =, of ul | 


5 
* "and *.) Wherefore = 8 


. * ; 
+ 


5 


: 7 | Laith let A. 4, / be tt 
Diameter of the sun and doe then 
* A: | ; 


87210 
4 25 75 


22 * 
" 3 G VER 
4” + SY 
40 WR» 
5 


e 1 
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: pears larger the bigger it is, Fo let da 
| proportion to a 3 Diſtance; 3 


R 8 ; 
therefore Ar: 4: 5 -_ | HenceF: if; b 
A? de : 4 1. | Conſequently, N.; :7 r: FG: a 


} 79. But d to Sir E Nah 
e I : 4,4815. See Annot. LXXXIV. 
28.) And A= : 32 1 3110 115 
a Mean, by Obſervation). Thati is A, 42 : 


3864 + 3753 | Therefore 25 22 : 3550 
449, | I0000 : 48911, the Ratio of 


the Sun and Moon, as above ſhewn, Art. 76. 
80. Tux Quantities of Matter being Q: 
4 RN rn, (Art. 78.) and with Te: 
ſpect 1 to the Earth and Moon, N;: 1:3 
| 39539 : 48911; and R: :: 109 : : 30 
(Arnot, CXXXVI. 4.) therefore 7 
| 109 * 39539: 30*X 48911 :: 52, 1 
0,Q512 :0,0013, as deter EXE in Art. 74. 
81. Taz Weight of Bodies on the Sur- 
face of the Earth and Moon are in the com- 
found Ratio of the Diameters and Denſities, 
(Art. 76.) that is, in the Ratio of 109 * 
39539 to 39 X 48911, or as 431 to 146, 
8 2 5 1 nearly. 
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82. Havixe the Quantities of Matter 
in the Earth and Moon, the Diſtance: of 
the common Centre of Gravity is deter- 
mined: For the Diſtance of the Moon from 
the Earth s Centre is to this Diſtance. as 

40,31 to 1; which Ratio is more accurate 
than that of 41 to 1, made uſe of 1 in Anat. 


ZXXXVI. Art. 2. nt. £2 


; 83. Tur Theory we have here backs en 


. 


plaining is applicable to any Syſtem of ch 
or more Bodies, as well as to the Sun, the 35 


Earth, and Moon. Thus the perturbating, 
Forces and Irregularities of Motion in the 
Syſtem of the Sun, Jupiter, and any of his 
Moons, may be eſtimated. in nearly the 
ſame Manner, (mutatis mutandis) as alſo. 


and laſtly, between the Sun and pri 


rally, (as Sir Iſaac does) in ſuppoſing both 
S and P to revolve about the fixed central 


at pleaſure. Therefore, to uſe the Authqrs 
own Words (in another Caſe) for Conclu- 


fion: Uſus igitur hujus J. heorice dati ſinò Pate, 8 


4 late patendo Veritatem eyus evincit. 


C4 
wo 


Planets, by putting the Caſe more => . 


"thoſe of the Sun, Saturn, and his Satellitt ers, _ 


+ 


Body T, which we may ſuppoſe to be the 
Sun, and S and P any two of the Plagets/ 
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A rrENDIX I. 


Concerning "the © IMPROVEMENTS. in 
\ Orricar INSTRUMENTS, | 


I, Of the Univerſal Compound 1 
' 8coPE., II. Of a new conſtructed Sol. AR 
Micko co E. III. Ane REFLECTING 
TELESCOPE and le galaſcope in one In- 
 ftrument.. IV. The Theory and Application „ 
of 4 New Mn 45 by Means of a : 
divided Glaſs. V. The new. Improve» | 
ments in refratting. Teleſcopes configered, 
VI. Of the latter Improvements of Re- 
FRACTING | and REFLECTING TELE“ 
' 8copes. VII. The' Nature and new Con- 
Hruction of Visvar GLAssESs explained. *. 
VIII. 4 0 . the N SY 
THF 5 


ba g 5 
* * th S 


$% of the Univanzas. Microxcope.. _ 


N the. firſt Edition of 555 Work a Plate 
of the univerſal Comp ound Micro- 
ſcope Was deſigned, but through In- 

advertency was left out ; and ſince that 


364 


3 
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Time havin g made conſiderable Improve- 
ments, both in its Form and Uſe, I have 
ſupplied that Deficiency, in the Print of 
one of the moſt elegant Conſtruction I 
can think of, and of the moſt extenſive 


Uſe; there being no ſmall Object of any 


N * 
X % 
14 * 2 g 
i +* , 
be * ” 
; la I 
* * 
IF A 
= ” 7 
t 8 
* : * » 
* " * 
1 is - 


| Kind but what may be readily and eaſily 


viewed by it. It has all the Apparatus of 
Glaſſes, reflecting Specula, adjuſting Screws, 


c. in common with others. Beſides which, 
the Contrivance of a moveable Stage for 
the Objects, and the Joint on the Top by 
- which i it is placed, either in a perpendicu- 
lar or horizontal Poſition, are Advantages 
Peculiar to this Conſtruction of a Micro- 
ſcope. The Deſcription of which will be 
* to underſtand as follows: "Fi 


AB is the Body of the * 


* iS the Ma gnifier, of which there are 1 


fo ur of different Powers. 


'B is the large Middle-Glaſs for ampli 


a fying the Field of View. 
C is the Eye-Glaſs at the Top. 


4 S D the Joint on which the Microſcope is 


moveable on a perpendicular, oblique, 
or horizontal Poſition at pleaſure. 


| 8 E is a Screw, and F the Socket by which 
it is taken off and pak 8 as ien 


. IG, 
5 425 V 
b 4 oy - 8 # x" . f * 
P a * FR > 
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GH is the moveable Stage on which 
Objects are placed to be viewed, and 
has a Motion about the Centre. 

K is the Screw in the Centre L, by 


which chat Motion is adjuſted and 


regulated. 
MN are two Pieces of Braſs moveable 
upon a ſquare Stem, to adjuſt the Stage 


with its Objects to a proper Diſtance 3 


from the Magnifier A. 

O is a Screw. for fixing the Piece M to 
the Stem. 

P the adjuſting Screw. 1 moving the 
Part N up and down, to its proper 
Situation. r | 

QR the Braſs Pillar on which = whole 

is ſupported. 


STV three rung Kant. n as a 


firm Baſis: to the Microſcope. 1. 

w a reflectin g Mirror, ee ver⸗ 

tically in a Semicircle . and hartan 
tally in a Socket at Y. 


Tur Body of the Microſcope; the Stage, Rr 


and: the reflecting Mirror are taken off 


from the Stem, and the Legs folded to- 
gether, ſo as to be conveniently placed, and 


take up but little Room in a Shagteen 
1 which 1 is therefore of E e Size. 


no 


8 


A 1. 


n. . of the New SOLAR Wette ; 


HE Plate of the Solar Microſebpe 
given in the firſt Edition being im- 
perfect on two Accounts, vis. That it 
exhibited a View only of Part of the In- 
ſtrument, and that of a very bad Con- 
ſtruction, I have thought it proper here to 
add the Figure of this extraordinary In- 
ſtrument, with all the Improvements I 
have hitherto been able to make in it, 
* are as follow: 


FrxsT, The Common Solar Micrdſcope 


was made of W:lfors, fixed to a proper 
Apparatus: But as this Form admitted 


only one Magnifier in the Inſtrument at a 
Time, it is changed for another, in which 


all the Magnifiers are contained in a Slider; 


Body of Wilſen's Microſcope was obliged to 


and fo all the different Degrees of magni- 
fying an Object in a dee grape im- 
ny at Hand. t 


'SsconDLY, With Will'sPart the Object 
_ was moved towards the Glaſs with a Screw; 
in this the Glaſs is moved towards the Ob- 


ject by Teeth and Pinion, which is found 
to be much the better Way. 


 TminnLyY, In the old Form the -whole 


wo 5 oe # Q 'S e 


in a ri 


Wood bad the LookingxOhiſs' more by 


A P/P EN DI K 5. 

be turned romid ſeverut Sims in vetting a 
true focal Diſtance, by which Means à 
Motion of the large confuſed Image be- 
came fo great'as to be very difagreeable to 


the Spectators, which is intirely prevented 
in this new Form, where there is only a 


Motion of the Object backward and forward ” 


ght Line. 
_ FouvrxTHLY, Thoſe which were tel in 


Wheel and Pulley, with Cat-gut Strings 
ſtrained tight upon them. But this Me- 
chaniſm being often at Fault, and giving 
Gentlemen a great deal of Trouble, I have 
ſubſtituted in this new Form a Wheel and 
Pinion with Teeth; as well in thoſe made 
of Wood as Brafs, by which the Motion 
of the Glaſs is rendered always conſtant, 
certain, and caly. | 
FieTHLY, The Lale Gd the old | 
Form is. raiſed and depreſſed by a ſliding 
Wire; but in this new one, whether in 
Braſs or Wood, the faid Glaſs is moved 
by a Screw, and therefore will always 
ſtand in the Poſition | It is ſet, and give no 
Trouble in the E „ 00 
 S1xTHLY, The illuminating Glaſs was 


ſcrewed on the Outſide of the Frame of 
this Inſtruraent; | but in this new Con- 


1 
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 Airuſtion, it is placed within the End of 

large Lube, Win 1 more con- 
44 wy wa ther Whole, 5 old Confruttie 
of the Solar Microſedpe rendered it a 
heavy, clumſey, and ill-contrived Inſtru- 


47 whereas. every one Who has ſeen 


che Form which I have here given in the 


Plate allow it to be the moſt neat and eaſy, 


light and uſeful. that can be contrived. 
The ſeveral Parts of which are as follow: 


Plate * 


N BCP is the Square, Plate area on 
to the Window- Shutter. 

* F is Toe unn u on the Out 
+ Ode. 

GH is . ok or Wire by * N 
the ſaid Glaſs is moved up and down 
by the Piece of Brass 

1 K, moveable at each End for that Pur- 

1 bes poſe. | 

* is the Shaken) by which the Whed 
contain d under the Piece 

M N is moved, and by which the Look- 
„ ee E a has a CR We 

0 P is the Tube apnea: . Ilami- 


nating Glaſs at O, and a Drawer at P, 


x 4 4 
peg 8 > —_— 
. ö 1 1117 
. 2 1 
7 3 
- 1. 
. 
F * 


by which a aun — -of gt) is 


Wi 


II. . 4 | New RevunorING Terzcors: | 


TAVING long. obſerved the great Per- plate lv. 
| fection and Uſefulneſs of Reflecting Fis . 
Tackope above RefraRors, Ng from | 
their Nature and Conſtruction, I have 
Vor. w --” B __ been 


Fd 
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QR is a Part ſubſtituted inſtead: of Nil. 
| Jon's Microſcope, the Inner Part of 
Which is fixed, and the outer Part 
moveable for the adjuſting a due fo- 

cal Diſtance of * Com. from the 
. Glaſs. 

R is the part conſiſting of three Braſs 
Plates, in which the Sliders and Tubes 
containing the Objects are placed, as 
in Wilſon's Microſcope, and kept to- 
gether by a ſpiral Spring Wire within. 

8 18 the Braſs Slider containing the ſe- 

1 magnifying Glaſſes, which may 
be ſucceſſively applied to the Object 


by which it may be inſtantly magni- 


fied to any Degree at Pleaſure, 
T is the Pinion by which the external 
Part Q is moveable backward and 


forward, for procuring a true focal 


; Diſtance, and:conſequently the Image 
of the Object wich the utmoſt N 
5 and ExaCtneſs. | 185 


1 
2 


P, 4 


. $79 


"A ae. ” 


1 more ſolicitous to cultivate __ im- 


prove that Inſtrument than any other; 
eſpecially when I ſaw much Room left for 
that Purpoſe. The Reflecting Teleſcope, 
as uſually made, has not half the Uſes it 
is capable of; for when it is well con- 
fidered, it will be found to anſwer the Pur- 
poſes, not of a TETESco R only for 'view- 


ing diſtant Bodies, but likewiſe 'it 1s the 
moſt compleat MecaLAscore, or Inſtru- 


ment for ſhewing all Objects at a very 


near Diſtance, and all the larger Sort of 


ſmall Objects in the greateſt Perfection. 
In the third Place, it gives the moſt per- 


fect View of any ſmall Object, opake or 


tranſparent; and therefore is a Micko- 


scork of the very beſt Kind, as far ex- 
ceeding common Refracting Microſcopes, 


as. Viſion by reflected Light is more ex- 
quiſite and perfect than that by Refraction. 
Indeed there are two different Ways by 
which the Reflecting Teleſcope may be 
uſed as a Microſcope, each of gr has 


its peculiar Advantage. In the fourth and 
| laſt Place, this Inſtrument 1 18 a SOLAR M- 


*ROSCOPE, by being ſcrewed into the Plate 


ABC D of that Inſtrument above de- 


ſcribed. In all theſe feveral Ways I have 


uſed this aid with great Succeſs and 
| Pleaſure. 


a moo Mc > ky 
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trived it in a different Form from that in 
which they are uſually made, and by which 


Means they are eaſily applicable to the fore- 
going Purpoſes; and even thoſe that will 
ſhew Jupiters Moons are hereby rendered 


portable, or adapted to the Pocket. 
Taxst Pocket Reflecting Teleſcopes have 


a Drawer, in the End of which the ſmall 


Speculum is fixed, and adjuſted by Teeth 


and Pinion. They are equally applicable to 
; uſe at Sea as at Land; and, notwithſtand- 


ing many People have been perſuaded, 


that Refracting Teleſcopes are moſt Uſe- 


ful at Sea, the Abſurdity- of this Notion 


will evidently appear to any one who con- 
ſiders what we have in the foregoing Lec- 
ture ſufficiently demonſtrated, viz. That 
the natural Cauſe of indiſtin& Viſion is 
vaſtly leſs in a Reflecting Teleſcope than 
in a Refractor; and this upon the Suppo- 


magnifying Power are the ſame in both. 


To conclude, I am thoroughly ſatisfied 


that if the Nature of this Inſtrument was 


well conſidered and underſtood, and People 
could be made ready at the Uſe of it, they 
who could afford to ; purchaſe it, would 


never have any other. But though the 


B b 2 PR 


Pleaſure, I have, for theſe Purpoſes, con- — 


ſition that the Quantity of Light and _ 


372 


ArPENDIX N. 


bebe 00 be very eaſy; yet as 


it is new and unuſual, and requires ſome 


{mall Degree of Dexterity, I have no great 


Expectation of its being ſoon made pub- 


lic or brought into common Uſe, when 


I find by Experience how eaſy, cheap, 


and common every Thing muſt be for 


that Purpoſe, and how few there are to 
encourage any Thing of a different Kind 
in the preſent Age. I had thoughts of il- 
-luſtrating the particular Uſes of this general 
Catoptric Inſtrument; as likewiſe to ſhew 
how a Reflecting Teleſcope, a Reflecting Mi. 
croſcope, and a Reecting Solar Microſcope, 
by metalline Speculums of a different Form 
and Poſition, and of a more perfect Na- 
ture, might be conſtructed and applied to 
Uſe, but have declined that alſo for the 
Reaſons above mentioned. 


W. We mn of a Nx w Mrczowerzs, 


S the: perfection of Warn de- 
pends. upon the moſt accurate Me- 

thods for meaſuring the Diameters of the 
— celeſtial Bodies by Means of thoſe Inſtru- 


ments we call MrcRoMETERs, applied in 
| Teleſcopes for that Purpoſe, it has given the 


ſlagacious Aſtronomers Occaſion to contrive 


them 
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them in many different Forms; but all of 


4 them; till very lately, were applied in the 
Focus of the Object-Glaſs, to meaſure the 
1 Images of the heavenly Bodies formed 
there; and they may be juſtly reckoned 


among the moſt exquiſite Inventions. of 

modern Mechanics. 
Bor as the Diameter of the Sun and 

Moon are ſo much larger than the Planets, 

the Micrometer which ſerves for one, could 

F not be ſo well adapted to meaſure the - 

other; which put ſome Philoſophers upon 


thinking of a method by which they might 
" Bf meaſure the apparent Diameter of the Sun, 

without being obliged to take the Whole 
of the Sun's Diſk into the Teleſcope; and 
; this they at length ingeniouſly contrived by 
; forming a Teleſcope in ſuch a Manner as 


to make two Images of the Sun in the 
Focus of the Teleſcope at the ſame Time, 
and bringing them into Contact with each 
other. And this Inſtrument they properly 
call a HELIOMETER.. 
Tn firſt Inſtrument of this Kind is of 
| a late Date, and was the Contrivance of 
| the late celebrated Servington Savory, Eſq; 2 5 
of Exeter, who, in the Year 1743, in a 
Letter to Mr. George Grabam, dated No- 
vember zoth, gives an Account of a new 
e ö Way 


. 
y 
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1 7 Way of meaſuring the Difference between 
the apparent Diameter of the Sun at the 


Time when the Earth is neareſt to and 


fartheſt from the Sun, with a Micrometer 
placed in the Teleſcope invented for that 
Purpoſe. Though the Charge, or magni- 
fying Power of the Teleſcope is ſo great, 
that the Whole Sun's Diameter does not 
appear therein at one View.—* This, ſays 
« Mr. Savory, I doubt not, will at firſt 


« Sight ſeem impoſſible, ſince only a Part 


t of the Diameter appears, and no viſible 
« Mark or Point therein from which ſuch 


« Meaſure can be taken. And, indeed, it 
<«'is ſo by Obſervation with our common 


* | Teleſcopes, whether refracting or reflect- 
ing ones. I have therefore contrived 
tt ſome Dioptric Teleſcopes, and a reflect- 
-*6 ing one; either of which, by repreſ 
ing the Object double, will, if well 8 28 
* anſwer the Deſign.” 
ArTER' this he proceeds to new at large, 
by cutting of a large Object- Lens into foup 


Parts or Segments, and combining the two 


outer ones together, or the two Middle 
ones inverted, how he could form this 
double Image of the Sun; but. as thoſe 
Images were not well defined and free from 
Colours, he proceeded to a third Method of 
* ble Images by Means of two 


Ober : 


7 * 7 r —_— 
K R 2 * * * LR” 8 * 
<P * ö NN my ” R Cn * * A 
* N * f ” 8 <7 5 2 ö * 
5 : 
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1 Object Lenſes entire, but of ſmall ane A 

; ter; but in this Caſe the Difficulty lay in 

| getting Object-Glaſſes exactly centered, and 

8 of the ſame n men in ſo ſmall a 
Sie. : 
* He then had FREDY to - refieBitg 
| Mirrors, cut them aſunder, and combined 

their Fruſtrums to anſwer the ſame Pur- 

poſe. However, all his Attempts of this 

. Kind left the Inſtrument but imperfect; 

5 and after this we find the ſame Thing at- 

| tempted that M. Bouguer read before the 


| Royal Academy of Sciences at Paris, in 

the Year 1748, a Memoir, in which he 
deſcribes an Heliometer with two Object- J 
Glaſſes for meaſuring the Diameter of the i 
Sun and Planets. It is probable this wass 
taken from Mr. Savory's Experiments ſome 
Years before, but of" this we have no par- 
ticular Account. 

HoweveR, it was Sn cans that 
an Object- Glaſs divided into two Segments 
through the Centre or Pole, would more 7 

conveniently anſwer. the Purpoſe in thoſe 
two Parts, than could be done by two Ry 
whole Glaſſes: Foraſmuch as each Seg= 
ment would form an equal Image of the 
Sun, and at an equal Diſtance from the 
End of the Teleſcope; or in other Words, 
5 * 1 the 


the focal Diſtance mY each 
be exactly the ſame, aid the Images of 
the Sun and Planets formed exactly in the 
ſame Plane in the Focus of the Teleſcope. 
Ad ſince the Centres of the Sun, each 
Segment of the Glaſs, and its Image are 
all found in one right Line, therefore if 
one Segment of the Glaſs be fixed in the 
End of the Teleſcope, the Image formed 
in it will alſo be fixed, or remain con- 
ſtantly in the ſame Part of the Focus; and 
if the other Segment be moved in the ſame 
Plane over it, as its Centre or Middle Point 
is removed from that of the fixed Seg- 
ment, ſo likewiſe is the Centre of the 
moveable Image equally removed from the 
Centre of the fixed one; or the Centres of 
the two Images will always be equidiſtant 
with the Centres of the two Object-Glaſſes, 
and conſequently the Diameter af the Sun 
or Planet (being equal to its two Semidi- 
ameters) muſt be equal tv the Diſtance 
between the two Centres of the Segments, 
when thoſe two Images are in Contact or 
touch each other i in the Focus of the Te- 
| leſcope. And this is the whole Ground or 
Reaſon of the new Micrometer, Which 
WY be beſt Iuſtrated by Figures, as it ig 


858 - opplied N 


r IS. omg 


r 122 % & — » 7 


1 L 1 


» S 2 


will | » > 


Taleſoope pe, as follows: 2 


contained. Now, ſuppoſe the moveable 


th Segments appear from the Solar Focus * 


* — ack” 5 
aiglied: to the RefraQting or. Reflecting | 


Lr ABC P repreſent any very diſtant Plate Il. 
Object, as the Sun, c. and AB its Dia- Fi is, 1 1. 
meter; alſo let EF Gs repreſent the Ob- 
jectGlaſs conſiſting of two Segments EFG 
2 E S G divided through the Centre N 
in the right Line EG. The Angle under 
which it appears at the End of the Tele- 
ſcope will be ANB equal to the Angle 
K NL, under which the Image K L. is 


Segment. E F G: were by a mechanical Con- 
trivance drawn off to the Poſition, H I, the 

Diſtance of their Centres would be NO; 
and the two Lines AN and BO paſling 
through the Centres N, O, of the Seg- 
ments, if produced, meet at the Focus in 
L; and ſince BL and BK do alſo paſs 
trough the Centres N and O, and the i 
Object heing at an indefinitely great Diſ⸗ 5 2 
tance, the Line OL will be parallel to — 
NK, and conſequently the Angle NLO is 
equal to the Angle K NL or ANB, that 
is to ſay, the Angle under which the Objett ; 
appears from the End of the Teleſcope, (or tq © 
the naked Eye) is equal to the Angle under 

whi ch tbe Diftance between 'the two Centres of 


the Tok Ne. oy FS ED 15 


AND 


* 
Co 
7 * 
A * bs. 
> I 
* 5 
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Aub this will be the Caſe in every Diſ. 


tance of an Object; for ſuppoſing = _y 


jet AB were at ſome near Diſtance from 


the Teleſcope; ' and ſubtended the ſame 


Angle AN B, the only Conſequence would 


- be, that its Image would be formed at a 


greater Diſtance from the Glaſs; ſuppoſe 


at MP, it would ſtill be contained under 
the ſame Angle MNP, equal to NL O, 


as before, upon the Suppoſition that the 


Segment HI and B O produced meets AP 
in the Point P, that is to ſay, ſuppoſe that 


the Segment H I is in ſuch Poſition that 
the moveable Image QR, formed by it, 
exactly - comeides with the fixed Image 


M P, formed by the Segment ES G. 
an IS * _ be otherwiſe ſhown 
dr 


*r 
cxxv. tt, LAM for putting A N= 4 


NP=fF, and NL =7, or Focus of pa- 
rallel 1228 we have dr Ar; and 


thereby 4 pe: 4— : r. Conſequently 


41: dr; that is, AQ: QN:: 
AN: N oh and by ſimilar Triangles A 


QB, NO. we have AQ: QN::: AB: 


NO; therefore AN: NL:: AB: NO. 


Whence the Triangles ANB and NLO 
are ſimilar, and the Angle at N under 


8 „ 


Ar TIN DIA = - 
which the Object appears is equal to that 
at L, under which the Diſtance N O of : 
the Centres appears. Q. E. P). 
Cox ckRNNG this Vitreous A 
we may farther obſerve that its great Ex- 
cellency conſiſts in this, that it depen 
ſolely in meaſuring the Diſtance. of the 
Centres of the two Segments, not only 
when applied alone at the End of a Tele- 
ſcope, but even in Conjunction with the 
Object-Glaſs of any common Teleſcope; for, : 
inFigure (2), let E G and H I repreſent the % 
two Segments, as before, of a Glaſs whoſe plate III. 
focal Diſtance is very long, ſuppoſe, for "Sr 2 
Inſtance, 50 Feet, then at a ſmall Diſtance - 
from it let A B repreſent the Object-Glaſs 
1 of a common long Teleſcope, whoſe focal 
Diſtance of parallel Rays is Cd, or its 
Focus of very diſtant Object dc. Then 
g this Glaſs, combined with the foregoing 
- BH Segments, will have its Focus ſhortened, 
i and the common Focus of both will be in 
y Point 3. Then becauſe the Triangles RO 
and PN M are ſimilar to the Triangles 
\ 09 and pN m reſpectively, therefore the 
: Hino RQ and PM will be ſimilar, and 
5 alike poſited to the two ſmall Images r q 
and ; and therefore when theſe two 
* 
h 


"Xi. of 
* 
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. are in n in the Focus of the 
N | 
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Semi-Lenſes, they will likewiſe be in Con- 


tact in the ſhortened compound Focus, 


And as the Centres N and O of the two 


Semi-Lenſes GE and IH are ſeparated 


farther from, or brought nearer to each 
other, the Images in either Focus will be 


moved in ſimilar Manner; and when the 


Oentres N and O coincide, the Images in 
each Focus reſpectively will alſo coincide, 


come one entire Image, the Difference 
in ee Caſe being only as, to large and 


ſmall, greater or leſſer Diſtance. Conſe- 


quently in the Micrometer by which. thoſe 


two Semi-Lenſes are moved by each other, 


the. ſame Turns of the Screw which mea- 
ſures the Angle OPN, and which brings 
the Images into an exact Contact in the 
ſingle Focus at Q, will be neceſſary for 
the ſame Purpoſe in the compound Focus 
alſo; ſo that by this Means we have an 


Opportunity of meaſuring the ſaid Angle 


OPQ, without being obliged to have fo 


great and ſo MAMANEESAVEE a Length of the 


Teleſcope. 

- However, the larger the focal Diſtance 
of the Lens A B is, the more diſtinct the 
Contact of the Images will appear; and 


becauſe this is the Point on which the 


Whole. Perfection of this Micrometer de- 


pends, 


V 6 l! T ²—Üwðhi! rig ot trant FN 


hs 


n 
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pends, it will 


the Apparture on either Side; becauſe in 


Images will be juſt in the Centre of the 


P M be incident upon the larger Speculum 


Rays proceeding from theſe two Images to 


the Images Q R and P M,. which likewiſe 


_ Focus of the Eye-Glaſs; i the Centres 
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be likewiſe neceſſary to have it 
ſo contrived, when applied to a Teleſcope, 


that the Centres N O may be equally diſtant 


from the Axis of the Teleſope or Centre of 
this Caſe the Point of Contact in the two 


Focus, and therefore the moſt diſtin 
that it poſſibly can be!: a 

Bur the Application of this Mictdbis- 
ter to Refracting Teleſcopes will be les 
convenient than when it is applied 4 0 d Plate III. 
Reflecting Teleſcope ; for if it be placed Fig: 3. 
on the open End of the Reflecting Tele- 
ſcope, as in Fig. 3, then will the — 5 that 
tend to form the larger Images R Q and 


AB, and from thence reflected to a com- 
pound Focus, where the ſimilar Images 
79 and þ m will be formed as before; the 


the ſmaller Speculum a b, will be reflected 
back through the Hole of the larger, to form 


will ſtill be in Contact in the Focus of the EE 
Eye-Glaſs D C, where it will be diſtinctly MF 
perceived by the Eye at I. This Contact 
will likewiſe be ſhewn in the Middle of 


AP FEN DIxX II. 
O and N are properly diſpoſed, as before 
mentioned. 5 
FRO what has been faid, the zeneral 
Rationale of this Micrometer will, I pre- 
ſume, evidently appear; but one Thing 
muſt not paſs unregarded in an Affair of 
ſuch Moment and Conſequence as the 
meaſuring theſe ſmall Angles in the Science 
of Aſtronomy, which has been cuſtomary 
to ſuppoſe, that ſo far the Focus of a Lens, 
or the focal Diſtance of Rays parallel to its 
Axis, is equal to the Radius in a double 
and equally convex Lens. But this is too 
Areat an Error not to be noticed here; for 
in different Sorts of Glaſs there is found a 
different refractive Power, and the Focus 
of parallel Rays is at a different Diſtance 
in each; but this Diſtance in no Sort of 
Glaſs is equal to the Radius, but falls ſhort 
of it more or leſs. Now the foregoing 
Demonſtration regards the Radius, and not 
the focal Diſtance of parallel Rays. But 
this Affair will be beſt 1 by E 
ample as follows: 
Lr the Sine of Tacks be to the I 
of Refraction out of Air into Glaſs as n 


5 mms 2 
wn; and let -=32; then will a ex- 


— the refeaQtive Power of the Glaſs; 
and 


and the h rem for A doable and u equally f 
op A 


convex Lens will be —-- 15 7 . . which 


for parallel Rays becomes ah whenes 


1 
2455 orf: 7: 1 3 
Turxxroxx to repreſent this Matter! in 


its proper Light, we wall ſtate the Pro- 


portions. of Page 378 from this correct 
Theorem, and they will ſtand thus, 4: if: 2 
24 — r r; and 4 F:; 24d: r, that! is, 
Ad N:: 240 * AN; NL. :: AB; 
NO: Hence NO: AB:: : 24 d;: f: d. 
Or, the Diftance of the Centers NO bas the 
ſame Ratio to A B, the Length of the Object, 
as the focal Diftance of parallel Rays has to 

the Diflance A N, or. as the Radius has to the 
ſaid Diſtance multiplied iy 2 4.  Whence tis 


evident we cannot uſe the Radius without 


conſidering the Refraction of the Glaſs; 
the. focal Diftance of parallel Rays. ſerves 


| equally. for all Sorts. of - Lenſes, is moſt 


y found, and therefore fitteſt. for the 
nalogy, 28 before determined, in mea- 
— to the 9.9 as Fupiter 


is the largeſt of all, and ſubtends an Angle 
to the Eye of 3“ 


185 the Diameter of his 
Image in the Focus of a 570 Foot Glaſs will 
You, III. B b be 
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dete about half an Inch, and that will be 


the utmoſt Diſtance to which the Centres 
of the Segments will be required to be ſe- 


parated for meaſuring 7 1 Ae Dir. 
misters of the Planet ?:) 


Bor for a n the SHER 
of the Sun being near ten times as great 
as that of Jupiter, will require the Centres 
of the Segments in a Glaſs of 40 or 50 
Feet Focus to be removed from each other 
at leaſt to the Diſtance of 4 or 5 Inches; 
and to take in the whole Syſtem of Ju = 
ters Moons, the Diſtance of the es 


uin be required much larger; wy there 


fore for ſuch Pu 
Glaſſes of a leſs 
uſed. 

As thi is Mictottieihr had many 
tages above that which is in common Uſe, 
ſo on the other hand it is Hable to ſome 
Objections; for ſince the Images of Ob- 
jects can never he well defined but in the 


| ofes the Segments of 


very large focal Diſtances, and fince thoſe 


Glaſſes are not made true without great 


Care and Pifficulty, they will come dem 1 


and then we muſt run the Riſque of 


ing them in cutting them afunder; for if 
they are not cut tlicely throngh the Centre 
it wi Frou fi from the Value DURA Good- 


* 


32 
— * . 


al Berg "Ne be 
Abbas 


s ww ” RI” TY WY EE” OUT On >Y 2 


- Hf axnvix/l 
neſs of the Inſtrument Alſo ince at the 
ſame Time a very — magnifying Power 

is required in the Inſtrument to which i it | 
is applied, it can be applicable for ; 
nomical Purpoſe 


— it to the Tube of the . 
aud moving it at the ſve ume 500 ads 
g the ann W it. i A Sin 


v. Howie * us Hides of Reſratting 
MicRoscoPes and T'SLn5COBED" by 4 


e r e e 10 we 


TT has been already en in ae 
1 CXXVIII. Art. 18. tbat the Errors 
ariſing from the different Refrangibility' of 
the Rays of Light) will be us the Cubes of the 
lineal Aperture of the Glaſs dire, and the 
Square of its Diftance inverſely; and conſe- 
quently in Glaſſes: of the ſame Aperture 
the Indiſtinctneſs of Viſion will be in- 
verſely as their focal Diſtances; wherefore 
if, while the magnifying Power and A- 
berture of the Lens continue me fame, ue 
can increaſe an. mew date * OC 1 


Plate IV. EY 


Fig. 2. 


_O.ATPENxDIX II. 
in which the Terſebuen "0 Mitroſcop des 


Place of an Object OB; threbgü the point 


and Teleſcopes: epftiſt. ons 
To illuſtrate this, et 4 D 50 A 
aue F, the Focus of paraus Rays, f the 


F draw a Line to interſe& the Object in 
the Point B, and falling upon the Lens in 
the Point A. This Ray will de refracted 
into AM, parallel to the Axis ef "the Lens 


FCO; from f draw the Line F A, which 


by the Lens will be refructed Wanner 
tive Focus V; then will L V repre 

Image of Part of the Obje& Bf; let MN 
be an Eye-Glaſs by which that Image is 
to be viewed, which therefore muſt; be 
d at its focal Diſtance PV; from it 


draw PL; and parallel thereto draw MO, 


then will the Angle MO be the viſual 
Angle under which the Image LV wil 


| * to the Eye at O. 


Wx are now to ſhow how this li 


may be viewed with more 'Diftin&neſs, 


as before; and this is effected 


s we — tir fame eee 


and under the ſame 


Angle and Aperture 
by ſubſti. 
tuting two Glaſſes N and Us inſtead of 
the ſingle Glaſs MN; for dy this Means 


5 AIV K. 
for let the Glaſs H I be be placed at its: focal 


Glaſs MN, chen will the Ray AH which 
before proceeded to M) be now refracted 
into HP, and the Ray AV will at K be 
refracted into K Z; draw che Line II. 
and it will interſest the Ray H in X, 


rena x Zz will be che Image of the Object 
rated in the 


| Bf. All this we have de non 
1 Optical Lecture. 

5 Lex this Image be viewed by the Re- 
Us, whoſe focal Diſtance T Z or 


now a ſecond Time refracted at V into 
 VQ; parallel to MO or LP draw T X, 
which will alſo be 


the Object Bf, be ſeen under the 1 
1 eg ual to MOP, as at firſt. 
Now it is evident, chat were the Glass 


Viſion would be inverſely as T. Q, for that 
would chen be the focal Diftance: of the 
Glaſs; but now this OGlaſa T U, in Com- 
peſition with the other Lens HI, ſhews 


perture with the focal Diſfanee T'P; -alig 


C WC oe ww 


be inverſely as T P, or in other Words, 


4 | 
Diſtance IP from the Centre ef ths fut 


TP may be ſuch that the Ray HP may be 


p 

t to UQ, chen 
f Wil the Image 2 X, or rather the Part of 
1 

{ 


me Image under the ſame Angle and 
Indiſtinctneſs of Viſien therefare now will 


Us alone by itſelf, the Indiſtinctneſ of 


Cen | * 
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tics. 
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the Diſtinctneſs of Viſion in the firſt Caſe 
by a ſingle Glaſs will be to the Diſtin&- 


neſs of the Glaſſes in, Compoſition as T _ 


to T P, or the Image will appear ſo much 


diſtincter by the two Glaſſes HI and U.S. 


together, than it would do. by the ſingle 


Eye-Glaſs MN alone, in Proportion, as 


TP is greater than T Q all which is evi- 


R 2 


dent from the foregoing Frinirtes of Op- 


Wir reſpect to the Lens A E D, if it 


| be a ſmall one, and the focal Diſtance 


CF be ſhort, then will it repreſent the 
Object-Glaſs of a Microſcope, and the 


nal Object O B will be viewed to. much 


greater Advantage by Means of the two 
Eye-Glaſſes HI and US, than by a ſingle 
Eye-Glaſs alone MN. Whence the Rea- 


ſon is evident of the uſual Conſtruction of 


this Inſtrument, as we have before ſhewn. 

Bur if AE DG be the Objet-Glaſs of 
1 Teleſcope, a and F 0 its Focus, then will 
OB repreſent a diſtant Object, whoſe 
Image W L is that which is 5 by a 
ſingle Eye - Glaſs MN in what is called the 
: Aſtronomical Teleſcope ; but this Image is 
more diſtinctly viewed by two Glaſſes I and 
hy tha by one alone; and therefore ſuch 
1 oh 243 Nie 1 * Te- 


U 


* 
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A "Teleſcope ſhould conſiſt at k aſt of of t 
Glaſſes. bn fe „ 
Id the common Tele FAY | Link 
LW is conſidered as an Object, and ano- 
ther Image is formed of it, as was "ſhewtr 
in Figure 8. of Plate XLVIIL 'and as we 
have now ſhewn that each Image requires 
the Addition of a Lens to ſhew it more 
diſtinctly, inſtead of the three Eye-Glaſſes 


which you there ſee repreſented in a com- 


mon Teleſcope, there ought to be the Ad- 
dition of two more, or five in all, next the 
Eye, to ſhew |the Object to the beſt Ad- 
vantage. Theſe, together with the Ob- 
ject-Glaſs, make fix Glaſſes in all, in Tele- 
ſcopes of the beſt Sort. 
\ IFN CD repreſent the ſmall ern 
of Aa Reflecting Teleſcope, then will OB 
be the Image formed by the large Specu- 
lum befor it, and I, T, will be the two. 
Glaſſes contained in the Eye-Piece of a 
Reflecting Teleſcope. And, indeed, with 
© little Reflection it will appear, that if 
two Glaſſes, by breaki ing the Refraction 
into two Parts, is an Advantage, three 
Glaſſes, will be more ſo, and therefore in 
ſome Caſes might be ſucceſsfully applied. 
Als ſince the DiſtinArieſs' of Viſion is 
by a Compoſition of Glaſſes promoted, 
2 Fg: the 


4 
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the Aperture of the Glaſs next the Eye may 


be ſomewhat encreaſed, and conſequently 
the Field of View thereby enlarged, which t 
8 the 1 Advantage 6 a the aaa 


8 E P=IP, the focal Diſtance « of the 
: :Ghf HI 
„err. the focal Diſtance of the 
300 Glaſs US; 
. Je 40. the focal Diſtance of the 
Lens M NW. 
Sr the Ea .I. is b he Gb. 
ſidered as an Object. with regard to the Glaks 
Hl, therefore pitt. 1 and 12 * 


and we Sal have Fr 7* 2. (as v we have 
; chown in Arms Gb and fro 


Ps 


Jie 5 's 


« D 


1 


wie get 


me 


ag p v iT. )- Whencolafhy, ere 
* FY FR | 


011 


P+y =D" PA "OY * 743 2 "Ig 
pate, I F af #1 IL O83. 3 2 

fa By theſs Corea we 0 any Problem 

relating to the Compoſition of Glafſes for 


any given Power of Magnifying ; for In- 
ſtangs, ſuppoſe tha fon Diſtance F f che 
Lens MN were 14 Inch, an 
large/ Glaſs: HI, oz. F 3, to find the 
focal Diſtance y of the Lens U that is 
to, be comb with it at the Diſtancs, 
* l juſt as Ry 
as the ſingle Lens MN. We hate the 
Anſwer b ths ſecond Theorem, where 
* 2 1,7 , and D = 2; hen 
2 8— xx 8 
| 3 1,5 eie n 
focal Diſtance: of the. Lem Us ag be 


ce y= 


wg rs D 1. then Sa and if 


D o, Khen — 3. 8 26 üs 3c 
Hun two Lenſes put together whoſe 


ſame Degree with a ſingle Lens af half 
120 focal» Diſtance, * at * Time 
* - c + 


, 85 
— 


that of the 


S EeEA 


some 


* 


focal Diſtanecy are equal, maguifpuv the 


that 


Jt 4 
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that the Refraction is made 4 twice, and 


conſequently the Error ariſing from thence 


but half ſo great as by the fingle Glaſs, 


where the whole: Refraction is made af 
once, For if F be the focal Diſtance of 
each of the two large ones, chen the Error 


by Refraction at the firſt 1 18 as r y= 5 and it it 


a 10 5 1. 5 7 4 4 5 


Glass, Whence * Error of both, Re- 
fractions will be as —— = BEE = SY . "Now 
let a c focal Pitance. of res 
then the e rene, ſs I 


will be as . the Err, 
both-Glaſſes. wil det to: that 1 the dg. 
2 2 hots Df Bot 241 VN 

7 . 7 Tore R > 75 I cau 
one as . — Fu” 2 (beca fe 
* SAF by Seen aa. £ 


Plately. HExcx alſo it appears, 7 2 double and 


* 3. 


<< 


7 U 


wally une Lens A BC D A wf thew an 


Object L M placed in its Fotus to twice 


the Advantage as a Plans- Cinuæm Lens AE 
CA will do of the ſame focal Diſtance DF; 


ſince the double Convex may be conſidered 
as two ſingle Plano-Convexes A BCA and 
_ CA, 2 focal Millutiteg=avs each 


f * 2 a _ 6qual 


. 
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equal to DG, and being placed with their 
plane Surfaces A C together, the Ray LA 


by two Refractions through them, falls 
upon the Centre F of the Circle D H G; 
agreeable to what we have ſhewn 1 in t ! 


Theory. But if this Object I. Mis tö 5 


viewed by a Plano-Convex AE CA of the 


ſame focal Diſtance EF, then will the Ra- 
dius of its Convexity be EK = : DF' and 
therefore the Convexity will be! twice as 
great as that of the Double Convex, and 
conſequently will produce” twice the Error 
by Refraction of the Rays L A at once. 

HEN likewiſe the Reaſon is evident 
why we {ee an Object much better with the 
plane Side (of the Plano-Convex Lens) 
turned to the Eye, than when the Convex 


Side is placed next to it; for in the former Loan 


Caſe the Refraftion is made at twice, (vis. 
both at the convex and plain Surface) 
whereas in the latter Caſe, parallel Rays 
are refracted but e nh therefore” th 
Error ous erde s 1813 +: O yo "4 
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vi 0 a latter n danse. 


[ING e en e Waste 


ESIDES the laſt mentioned; — 


loaked upon enly.as a Correction of di- 


optric Inſtruments, thexe is of late another 


Improvement fhilk greater, which tends. not 


only to leſſen the Abberation of Rays in 


refracted Light, but even te prevent any 


is done by Means: of a dewts or treple 
Obiess- Glaſ in all thoſe Inſtruments where 
an Ohject is viewed by Means of its Image 


formed by refracted Light. The Con- 


ſtruction of a Telaſeope for this Purpoſe 


PlatelV. with two: Objeci-Glaſſes in Fig, 4, where 
Ac 4 a Plane Concaye Lens of, what 


is called white Flint Glaſs, and CDE 2 
Donble Cenvex Lens of green or Crows 
Glaſsz by Means of the different refractive 
Power of theſe two Sorts of Glaſs and their 
unequal Figures, it comes to paſs, that all 
the Rays of Light incident upon thoſe 
Glaſſes from diſtant radiant Objects, will 
Paſs through them 1 in ſuch a Manner, that 
whatever Abberation is occaſioned in the 
eee Rays in Refraction through 

the 


2 Oye Teleſcopes, which is to be 


ſenſible Effects axiſing therefrom ; and this 


1 - M6 as. 1 at «a 


a a 5.0 ah © mij 


at. dt. Py 


Image IM. not ſenſibly compounded or 


TY YV TSP \Y WW — , , i Sr Os * 


of theſe Teleſcopes five Eye-Glaſſes, two 


APPENDIX, II. 
the firſt Glals, is. fo. far corrected by the 
ſecond, that thoſe, Rays emerge from it 


nearly parallel among themſelves, and are 
converged- to one Focus (F) forming an 


coloured, and therefore more perfect and 
diſtinct when viewed by the Eye-Glaſſes 
than that can be 1 18 made by: a __ 
Object-Glads. 

Now, if thoſe. wi! Glaſſes calgh a 
lutely prevent the Abheration of Rays, or 
produce an Image entirely free from Con- 


| fuſion and Colours, then only three Eye 


Glaſſes would be neceſſary to view it, vix. 
E, G, H; for ſince, according to common 
Optics, the Lens H corrects the Errors 
ariſing from Refraction in the Lens E; 
and therefore if the Image IM be perfect, 


the ſecond Image K L will be ſo likewiſe, 


and therefore may be viewed diſtinct and 


without Colours 8 mo En e 


Lens G. 511 
However, we and! in \ the Conſtrixction | 


of which being placed: at leſs than the fo- 


cal Diſtance of the Object-Glaſs from the 


End of the Teleſcope, ſeem intended to 
correct ſome Abberation yet remaining in 
the Compound Objeet-Glaſs, in the Man- 
[134 Tor ner 
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ner as explained in the laſt 8 

bare Amplification of the Field of View 
does not appear to me to be the ſole De- 
ſign of theſe two Glaſſes extraordinary. 


ſtruction of a Teleſcope there are not leſs 
than four Glaſſes employed to form the 


JAvrranDIEX II. 


0 \ 


for a 


The other three Eye-Glaſſes are for the 


ſame Uſe as in the common Teleſcope. - 


So that upon the Whole, in this Con- 


firſt Image of the Object. But this ſeems 
not to be the natural Reſult of the genuine 
Theory of Dioptrics, founded on the Doc - 
trine of different refractive Powers and 
Figures of Glaſſes, and their proper Com- 
bination, as I ſhall, endeavour to ſhew in a 
Treatiſe I am now preparing for the Preſs 
on this Subject, where I ſhall make it ap- 
pear (at leaſt I think ſo at preſent) that 
the true Conſtruction of a dioptric Tele- 
ſcope is that of a treple Object-Glaſs, or 

three Lenſes n together of dif 
ferent Forms and refractive Powers, and 
alſo three e as in coramon Flle. 


| 7 27k 


Aer ae has 2 8 publiſtied 
a large Sort of Opera Glaſs, or Galilean 


1 Teleſcope, with a neun Object-Glaſs 


of three Lenſes, the Figures and refractive 
2 of which I have ctrctully examined, 


121 N | but 
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but do not find them conſiſtent w ith the 


Theory in any Reſpect. However they 
perform very well, which plainly ſhews, that 


an Approximation will oftentimes ſuffice - 
as well as the ſtrict. Truth itſelf, eſpecially 
where the leaſt Advances are made by ex- 
tremely minute Degrees. This Improve- 


ment was ſome Years ago attempted by 


Mr. Euler abroad, but with what. Succeſs 


in Practice I have not * Farned, .. 


VIL The Nature of Vi SUAL 3 ex 


plained, and ſbeum to be an e 
of Common S pectacles. - 


N the firſt Edition of this Treatiſe 1 had 


no Occaſion to make Uſe of Spectacles, 
and therefore did not ſo thoroughly con- 


common and neceſſary Uſe ſhould have 
continued lo long of a Form or Make 


quite contrary to that which the Theory off 
Optics and the Nature of Viſion require, 


and yet p aſs unobſerved by thoſe. who uſe 


them, oY uncenſured by thoſe who. have. 


wrote on this Subject; eſpecially if it be - 
could that the erroneous. Conſtruction 
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ſider their N ature, Form, and Uſe as ſince 


that I have done. It appears to me very 
wonderful, that an Inſtrument of the moſt 


very prejudicial to the Sight. 


mon Spectacles is'vilibly large 
tary, no Body will diſpute, when they con- 


= Ab 844 
is in itſelf moſt obvious, and in its Effects 


Tus Fault of the common Speckacke 


conſiſts in two Particulars, viz. rt, The 
Largeneſs of the Aperture or Diameter of 


the Glaſſes; and, 2dly, their obfique Po. 


ſition to the Axis of the Eye; both which 


muſt in Time have a very fenfible Effect 
upon the Texture of that curious and de- 
licate Organ of Sight, the Exz. But the 
Harm we receive being not immediately 


ſenſible, isnot corifideredby-common People, 


and therefore not regarded; and when at 


Length they find their Eyes -weakened and 


Impaired, they reckon it as the natural 


Conſequence of Age, without being ap- 
prized how far their Glaſſes have contei- 
buted to produce that Effect. 

Tur the Area of the Glass int com 


ſider. how ſmall the Pupil of theEye is when 


5 compared therewith ; and that no more 


one 


Light can be uſeful than that which en- 
ters the Pupil. Sur ppoſe, for Inſtance, the 
Pupil of the Eye were 2 x Part of an Inch 
in Diameter (which 1s Bfger than any 1 
have yet obſerved) and that the Glaſs be 
Tach and a Half in Diameter, then will 


r thanisneceſ- 


ao the 


An .mm> Lat Mo _ A 
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at a conſiderable Diſtance from the Eye, 


Aren 1A fl. 


ine Aten ef he luft de to tit r uit 


Pupil as 225 to 4, Which is more tan 50 
to 13 o that chere is at leaſt 0 times mot 
Licht upon the Eye than is wacker for 
the Purpoſes of Viſion. 

Ir the Aperture of the Glaſs wete no 
longer than that 'of the Pupil, though it 
would make the Object appear more dif- 
tin, there might niot in all Cafes beLight 
enough to ſhew it ſo plainly as might de 
defired-; neither, as the Glaſſes are | 


would there be a ſufficient Field of View. 
It is neceſſary therefore, that the 


of the Glaſſes ſhould be larger than hit 


.of the Pupil ; and it is well known by Ex- 
perience, that if the Aperture of the Glaffes 

be Z of an Inch, it will anſwer all 
4 reading, working, Sc. by them, and in 
this Caſe but ; Part of the Light can come 


upon the Eye as goes to it through a 


common 8 
by excluding three Parts from four of the 


ſuperfluous Light, muſt ten y tothe 
Safety-of the Eye, and ptocufing une | 


Viſion of the Object. 
'Wrozver confiders the © Poece 5 

which the Action of n A and the 
exquiſitely tender: ard minute Vetfels in the 
Compages 


petacle:Glafs; and therefore 


1 PPENDIX U. 
Comfpages of the Eye (exceeding that 4 
any other Part of the Animal Syſtem) will 
not wonder, that if by ſo great a Quantity 
of Light which is thrown upon old Eyes 
by very convex Glaſſes, they ſhould hs 


5 


of a few Years. So potent a Cauſe as 
that of Light by the Conſtancy of its. Ope- 
ration produces very conſiderable Effects, 
though by very flow. Degrees. The con- 
ſtant Dripping of Water will in a Courſe of 
Time excavate the hardeſt Stone, though its 


immediate Effects be not in the leaſt diſ- 


cernible, nor any Thing more conſidered 
than the Action of Light upon the Eye. 


Tux Difference then between the Vi- ; 
ſual Glaſſes is as repreſented in Figure 8 


55 where A B is the open Glaſs, as in com- 
mon Spectacles, and CD the Glaſs. of a 


debilitated, weak, and — in the Courſe 


I 


reduced Size in the viſual Form ; the dark 


Part. between that and the Steel Frame 
E F is a black Zone or Circle of Horn in 


which the Glaſs ; is placed, and ſerves at the 


ſame. Time as a Safe guard and Defence 
to the Eye againſt extraneous Light. 


Tun ſecond Thing in which the com- 


mon Spectacles are moſt egregiouſly faulty, 


is their being placed: direct before the Eye, 
4 both! in NONE! ſive Plane, by which Means 


the 


ane hu 
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the Axes of the Glaſs and thoſe of the 
Eye make a conſiderable Angle with each 
other; whereas they ought to coincide, or 

the Glaſſes ſhould be ſo placed before the 
Eye in two Planes equally inclined, that 
their Axes may both unite in the Object to 
which the Eye is directed, and they become 
one with the Axis of the Eye. To illuſ- 
trate this, let A B be the two common 
Speftacle-Glaſſes, whoſe Axes A C and BD 


are parallel, and thereby directed to Ob- 
jects only at an infinite Diſtance, quite 


contrary. to the Deſign of theſe Glaſſes, 
which is to ſhew a near Object, as ſuppole 
G; then the Glaſſes E, F, are fo placed 1 in 
the new. viſual Form as to have their Axes 
tending to, and uniting in that Point 85 
by which Means they become coincident 
with the Axis of the Eye, and the Ra ys of 
Light are regularly and equally relract 
to the Pupil. And conſequently the Viſion 
or Appearance of an Object will by this 
Means be rendered the moſt natural and 
eaſy that it poſſibly can be; and indeed 85 
Difference is ſo conſiderable, not only 


itſelf, but likewiſe by Experience, that” 1 


may venture to prognaſticate, chat in a 
few Years Time, after the Averſions Which 
ariſe from Cuſtom, Intereſt, and Novelty 


Vor. III. ww are 
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are worn off, the commos Spectaclos will 

d upon as the Opprabrium of the 
Optical Science, and become equally. in 
Contempt and Diſuſe; while the V 16 
GLAssks will approve themſelves the genuine 


Reſult of Optical Philoſophy, and he uſed 
it leaſt by all the prudent; aud thinking 


x Pati: of Mankind. Thofe who would tee. 


. a larger Account. of this Matter may con- 
le my ee on V/ Sued: Claes, Wich A 


* 
1 
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; "RIAL Vie Sg a e Obs R- 
'VATORY, by Mr. James Short, F. R. F. 


wb fab adapted a Teleſcope to this Machinery. | 


7 Is Inſtrument conſiſts of two cir- 
a cular Planes, or Plates, marked AA, 
ict are ſupported upon four Pillars; and 
theſe are again ſupported upon a Croſs- 
foot, or r Pedeſtal, moveable at each End by 
the four Screws B BB B: The two eircular 


Plates A A are moveable, the one above 


the other, and are called the horizontal 
Plates, as N gt the Horizon of the 
Place ; and. upan the upper on are : placed 
two 8 wit-Levels, to, render t em at all 
times horizontal : The Levels ate Hxed at 


. R ight- 


ee .a7 


aa, 


divided into every three Minutes. 


Semitircle DD,, divided into twice » go? +; 


nius eee unten e ene 


clination-Semicircle, as repreſenting the 


SL) Dd2 


| A es b H.“ 
Right-Angles to one another: This upper 


Plate is moved by 4 Handle C; whick is 
called the-Horidontal Handle, and id di- 
vided into 360, and has n Inder 


Ad this horizontal Plate tem a ” 'J 


which is called the Meridian Semicircle, as 
repreſenting the Meridian of the Place, 

and is moved by a Handle E, which is 
called the Meridian Handle, and has a N. ; 


nutes. C447 ff 

Andes this Meridian Semieircle 10 fac. 
tened aleircùlar Plate, ug or whach are . 
fixed two other circular Plates F FE, move- 
able the ane upon the ther, and are called 
the Equatorial Plates; one of them repre- 4 
ſenting che Plane of the Equatbs, is di:. 
vided imto twice 12 Hours, and theſe are | 
ſubcwided into every 10 Minutes of Time. 
This Plate is moved hy a Handle G, called 
the Equatorial Handle, ard has a Non⁰ẽð 
Index for ſhewing every Minute. 

 Andve this Equatorial. Rlate there is a 
Semicircle I H, Which is called the De- 


Half of a Circle of Declination or — : 
Cirele; and is divided into twice go*, be- 


ing 


— 


DA. ArPENDIxX II. | 
ing moved by the Handle K, Which as] - 
called the Declination-Handle. It has alſo: 
a-Nonius Index for bd into Og: 
three Minutes. 
ABove this Diecliniion-Senticigels.; is 
faſtened a Reflecting Teleſcope L L, of 
| the Gregorian | ConſtruCtion, Hg focal 
3 N of- its great W being 18 
„ under to ak aſt the Lent — 
_ Obſervation, the fiſt thing to be done, is. 
to make the Horizontal Plates level or ho- 
rizontal, by means of the twoSpirit-Levels,. - 
and the four Screws in the Croſs-Pedeſtal. 
This being done, you move the Meridian 
Semicircle, by means of the Meridian 
Handle, ſo as to raiſe the Equatorial Plates 
to the Elevation of the Equator of the 
Place; which is equal to the Com plement 
of the Latitude (and which, if not Gs, 
may likewiſe be found by this Inſtrument, 
as ſhall be afterwards' ſhewn). And thus 
the Inſtrument 1 is rely: for Obſervation. 


hu pu the Hur ene hy, "and Merid 
en ee 3 1 


. find; c emen Tables 
.the 8 8 * — the Day, and for 
4 5 | that 


| leſcope comes down to the Horizoi 


A end 


chat particular Time of the Day; ; then ſet 


the Declination-Semicircle to the Declina- 


tion of the Sun, taking particular Notice 


whether it is North or South, and ſet The 

Declination-Semicircle accordingly. - | 
You then turn about the H 2 

Handle, and the Equatorial Handle, both 


at the ſame time, till you find the Sun pre- 


ciſely concentrical with the Field of the 
Teleſcope. If you have a Clock or Watch 
at Hand, mark that Inſtant of Time; and 


by looking upon the Equatorial Plate, and 


Nonius Index, you will find the Hour and 


Minute of the Day, which comparing 


with the Time ſnhewn by the Clock or 
Watch, ſhews how much either of them 
differ from the Sun. In this manner wn 


find the Hour of the Day. 


Now, in order to find the Meridi ian 8 
the Place, and conſequentiy to have a 
Mark, by which you may always know 
your Meridian again, you firſt move the 


Equatorial Plate, by means of the Equa- 


torial Handle, till the Meridian of the 
Plate or Hourline of 12. is in the Middle 

of the Nonius Index; and then, by turning 
about the Declination-Handle till the Te- 


obſerve, the Place or Point Which is then | 
" ns J 
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in the Middle of the Fleld of tlie Tele. 


ſcope; anda ſuppoſed Line drawn from 
the Centre of this Fiel to that Point in 
the Horizon, is your Meridian Line. The 


beſt Time of the Day for making this Ob. 
ſervstion for finding your Meridian, is 


about three Hours before Noon, or as 
much after Noon. The Meridian of the 
Place may be found by this Method ſo ex- 
act, that it will not differ at any time 


from the true Meridian above 16” of Time, 
and if a proper Allowance be made for 


the Refraction at the time of Obſervation, 
it may be found much more exact. This 


Line thus found will be of uſe to ſave 
Trouble afterwards; and is, indeed, the 


Foundation of all "aſtrGnorhical') Obſerra- 


rare « "BYE oy 
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even at Ne Bo. 


Tur Ahftrument: repiointng! s 40 „eie 


im the laſt Experiment, you tet te Decli. 


nation-Semicircle to the Declination of the 


Star or Planet you want to ſee; and then 


you et the Equatorial Plate to the Right 
Aſecenſom of the Star or Planet at that 


8 time, ati, — ne" the Teleſcope, 


* 
= - f oF 


you 1 


A b e 0 : 1 

fo yo will ſee the Star or Planet; and Ads 

I boa have once got it into the Field yo 

N cannot loſe it: For as the diurnal Motion 

of a Star is parallel to the Equator; by 

your moving the Equatorial Handle ſo as 

to follow it, you will at any time, while — 

it is above the-Horizon, recover Wy if it by — 

be gone out of the Field. * < "i 
Tux eaſieſt Method for keing a Star is 15 .. 

planet in the Day-time is this: Your 

Inſtrument being adjuſted as before di- 

rected, you ein the Teleſcope down fo 
as to look directly at your Meridian Mark; 

and then you {et it to the Declination, and 
Right Aſcenſion, as before- mentioned. 

By this Inſtrument moſt of the Stars of 

the firſt and ſecond Magnitude have been 

ſeen even at Mid-day, = the Sun ſhin- 
ing brightly as alſo Mercury, Venus, and Ju- 4 

piter : Harun and Mars are not fo eaſy to 
be ſeen, u upon aceount of the Faintneſs of | 
their Light, except when the Sun but 
a few Hours above he Horizon i 

And in the ſanie manner in the Night- 3 

time, when you cam ſee a Star, Planet, or 
any new Phænomierlon, ſuch as 4 Comet, 
you may find its Heclination and Right Aſ- 

cenſion immediateſy, by turning about the 
Eee and LE Declination Handle, S 2 

5 WEE. nn re +; 
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till you ſee the Star, Planet, or Pheno-; 


0 ens aoking upon the E- 
quatorial | P aſs,” ou find its Right Aſcen- 


ſion in time; and you find, upon the De- 
eclination i in Dey 


S and Minutes. is 
Ix order to have the other Uſes of this 


"Biſtrument, you muſt make the Equato- 


V rial Plates become parallel to the Hori- 


i 4.zontal Plates; - and then this Inſtrument! 


becomes an -Equal Altitude Inflrument, a 


| Tranſit Inſtrument, a Theodolite, a | ant, 
an Azimuth Inſtrument, and a Level. The 


manner of applying it to theſe different 
Purpoſes is too obvious to need any Ex- 
planation. . g 

As there is alſo a 1 with a magnetic} 
N eedle faſtened in the lower Plate of this 
Inſtrument, by it you may adjuſt the In- 
ſtrument nearly in the Meridian; and by it 
likewiſe you may find the Variation of the 
Needle: If you ſet the Horizontal Meridi- 
an, and the Equatorial Meridian, in the 
Middle of their Nonius Indexes, and direct 
your Teleſcope to your Meridian Mark, 
you obſerve how many Degrees from the 


Meridian of the Box the Needle points at; 
and this Diſtance or Difference is the ** 
riation 1 the N edle. 
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120n. Table of, ibid. Gravity of indicated by the 


Mercury in the Barometer, I. 125 n. Spring of to 
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173. Neceſſity of in ſeveral Particulars, ii. 174. 
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an Air-pump calculated, ii. 105 n. Table of, ii. 
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ments, ii. 160. Uſes and Conſequences ôf, ii. 


* 


* 


Argonautic Expedition, what, m 
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Hmoſphere, Electririty of how obſerved in Winter i i. 
23. Height of how determined by Obſervations and 


— Experiments, ii. 141. Whole, its Weight on the 
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on the Wind, ibid. Of Matter what, i. ra. 
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© nicated by God do all Matter, ibid. Manner, in 
0 2 exerted and the Means by which pro pred 
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of, is not to be defined, i. 14. In what it conſiſts, 


1. 15. Its Force generally decreaſes as the Squares 


of the Diſtances encreaſe, i. 16. Exem plified from 
Efluvia, ibid. Four different Sorts of, what, i. 17. 
Of / Coheſion, eight Laws of, ibid. Proved by Ex- 
periments, ib. ſeg & n. And Repulſion illuſtrated, "> 
18. Seven Conſequences from, ibid. & ſeg. Ex- 
emplified by Experiment, i. 19. Sphere of, proved 
by Experiments, i. 22. Of Coheſion, i. 24 & ſeg. 
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Of electrical Bodies, i. 39. Fourteen Properties of, 
« 3b. & ſeq. In the heayenly, Bodies, proved to be of 
the electric Kind by an Experiment, i. 41. Magrietic, 
its Law aſcertained, i. 47. Four Laws of, ib. Con- 
- ſequences from, particularly a Vacuum, i. 83. In 
what Manner different from that of Coheſion, i. 82. 
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the Earth., i. 83. In great Diſtances decreaſes v 
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M. 91, Illuſtrated in the Tides, ib. & . | 
Autumn, Middle of when, iii. 190. | 
Autumna]! Tides accounted for, ii. 96. 
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D portional, what, i. 169 n. Hydroſtatic Uſe and 
- * Defcription of, i. 28. & Vel. Common Improve- 
"ner off 7." 29% ne 
Barks, Dr. the ConſtruRtion of his new invented Mill, 
MSM, 
Barometer what, ii. 732 n. Simple Structure of one 
- exhibited, ibid. Rationale of, ibid. & /e. Suſ⸗- 
penſion of the Mercuty in the Tube, to wine owing, 
FB. 124n. Its riſing and falling indicates the Air's 
Gray, ibid. Wheel, e vs u. 127 n. 
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Pendant, Deſcription of, ii; 12 n. Its Fault, ibid. 
Compound, by Mr. foo, ii. 128 n. By Mr. 
. "Caſwell, deſcribed, ii. 130 n. Common, meaſures. 
1 Gravity of the Air belt, NN "The: ws 
or, ii. 132 n. l 

Bar-pool | in Warwiciftre, Account of a Water a 
at, I 208 n. 

Bees, their Cells geometrically bel. L 488 85 
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of Fire- engines, ii. 84 . ͤ ͤ os it 
Baus, Theory. of, ii. 21 é. 
Bei nouilli's Barometer, ii. 426 n. ef ann wart 


Biſſextile, why ſo called, iii. 238. 

Bladder, blown, Experiment on for hey 
| city of the Air, ii U. 135. | 8 | 

Blackus what, ii, 362 n. Conlaquences 3 Wo 

Bodies, particular, NY of the ſame Matter, i. 2 
To a Elements. reducible, i. 5. With one and 
two Dimenſions how expreſſed, I 6, Common Pro- 
perties of, what, ibid. Platozic, Number of, i. 9 . 
Property of ibid; Re lar, Number of, ibid. Tables 
of for the Coheſion of various, i; 23 n+, Hardneſs of 
_ accounted for, i. 32 n. Electrical Attraction of, i. 39,7 
Attraction in the heavenly of the electric Kind, c- 
cording to an Experiment of Mr. Gray, i. 41 . 

- Weight of Matter in, how exprelled; i. 48 n. Abſo- 

lute Weight of, What, ibid. 8 by Gravity in 


Thee Illuſtration of, i. 86. Forces with which a 
Body is attracted on two Spheres of the ſame Den- 
ſity, i. 87. Forces of, are as the Number of at- 
tracting Particles, ibid. Grayity.. of, . decreaſes with 
the Diſtance from the Centre, ibid. Projected up- 
wards, Obſervations on, i. 9 1 n. Free Deſcent of i 


4 i. 108. Properties of, i. 16, 11 1. Deſcent 6 
on inclined Planes and curve Surfaces, i. 111. Son- 


' | nected together, the Centre S Gravity in, I. 156, 
157. Force of, famous Controverly about, i. 241. 
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monſtrated, i 25 n. Wird Qvickſllver the Phzno- 
Wend are the Reverſe of that with Water, 1. 26 be 
5 Conſi 
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in, i. 27 n. Table of Experiments on various nds . 


S in, i. 28 n. Extraordinary nemme ia CC 
es 441-29 n. Fame, < 
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| Caffe s Barometer, ii. 126 n. Vive Salle. 

Zaun diſcovered by, iii. 127 n * 25 
Cual, Mr. Deſcription of his Barometer, f a. 15. 
Nat fit for co ö Vſe, Why, — 130 *. 2 

Catalogus of the di iii. 262 n. 4 8 

Catenaria Curve, if laverioghe's the dell. Form 65 an 
Arch, i. 234 n — Wy . 

Catoptrics, what, iii. 2 n. 15 das By, 


| Cauſes far che Deſcent or Riſe of EC phe box 
Cavendiſb Earl of, a curious ee (291 of Thermo- 
ne byy f. % W at 
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Centre of Oſcillation, what, i. 122. _— 
What, i. 148. Ot. Motion, What, ibid. Of Gras 
wy. What, ibid. Sole Principle of mechanical Mo- 
tions, ibid. Ten Properties of, i. 149. Several 
Fhænomens ſolycd by, ibid. & ſeg. Several Rarti- 
eulars ol demonſtrated, i. 150, & ſeq. Of Gra- 
vity is Bodies connected together, what, i. 0. 
Of de Earth and Moon, i. 157. Of the Sun and 
Planets, ibid., Several Particulars of demonſtrated, 
rr .& fs Commere | the ho Cons. * _— 
.\Phenomena,) l. 158. "2 
Centrifugal Force, what, i. e Nan 40 = 
Cuntripetal Force, what, i. 2 36. 1 -axkind 
Chamber, dark, fee Camera Went aro 
Charts and Maps, philoſophical Priqziples of i, 306m. 
Chord, Muſical, a ſingular Proper as Us, 264. * 
wonſtrated. ibid. i  hifongtT wel5 
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Newton, iii. 248. E Tr 
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2 Sau, 2 Miſtake about -v of 
Sound, to what, wing, f. 238 n. 1 2 
Circle and Index Horary, i Mb, » YE 1 es ; 
Clacles, arctic and antarctic, what, iii. 1 3 . 
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Circular Motion: of, T 1. 1 32. Properties, * * 
Tr C1 en how econ for, 4; So, 
Cleudions's * of e Sphere, Wi, 


165 n. 1 3 
mae, what, iii. e her $10 4 
2 Mechaniſm of the Parts of - i. 197, / Machi- 


nery of the Striking Part, i. 198. De boding on an 
inclined Plane, i. 199, n. Mechaniſm of, ibid. 
ſeq. Made to aſcend on the ſame ' inclined Plane 
by M. de Gennes, i. 201 m. 

Chad, Electricity from, how diſcovered, i. 77. . Ex- , 
periments on, ibid. 

Cobefion, Laws of the Attraction a; i. 17. of various 
Bodies, Table of Weight to ſeparate, f i. 20, n. 
eg. The Attraction of, "IT freral e N | 
„ 3 

Cold, a general Cauſe of Wind, i i. 26h bY OILS 

0 Seven original ſimple ones, 31 hy? - Hatwinlic' 

"Proportions of gave the curious Hint of viſual Muſic, 

A. 321, n. How diſcovered by Sir aac Netv- 
ton, ii. 325. The Objects of any of the ſimple 

ones, When view'd through a priſm, what the Ef- 

fect, and what the [mages of them form'd by a Lens, 

— . 322. Demonſtrated in ſeveral Particulars, Ii, 
323 n. Rings of, the various Phænomena of ſhewn 

dy Experiments and demonſtrated, ii. 341, u. HO.] 

produced, illuſtrated and demonſtrated, 11.3475 n. 

Science of truly mathematical, it. 353. n. Sir JJaac 

Ne-wto-'s Definitions and Precautions about the Doc- 

trine of, ii. 354, n Different Sorts of, ii. 374. Theo- 

of conipopnding and decompounding in ſeveral 

-H ances, ii. 3 %% es 5 12 e 

Colures, Equinoctial and Solftitialy" whit, mn. 275. 
Mean Place of found by Sir //aac” Newton, ill. 249» . 
That of the Summer e .. 

Comets; revolve about the Sun in Eccentric Orbits, 3. 

105. And Planets, what Properties of circular 

Motion obſerved by,” i. 137: © That of 1682, 

1758, the Tract of exhibited, iii 198. Se- 

veral Alfections * N WG and ” ' deinonſtrared 
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3 PO 203, n. Met e T ol, gew formed, iii. 
203, n. 3 of, 204, ibid. Aſcent to what 
cowing, iii. 204, n. Have no perceptible hori-. 
Zontal or diurnal Parallax, iv. 204, n. But an An- 
nual Parallax, iii. 205, n. Different Motions of, 
ibid. Move in Conic Sections round the Sun, iii. 
205, n. Their Orbits Ellipſes, ibid. Periodical. 
Times of, ibid. 3 Motion may be calculated in a 
Parabolic Orbit, iii. 206, n. Velocity of, in Peri - 
3 ibid. & 22 Phznomena of one moving in a. 
Parabola near the Vertex, iii. 211, n. Difficulty of 
computing its Periodical Time, iii. 217, n. Table | 
of Longitude and Latitude of, iii. 218, n. 

Cometariun what, iii. 295 Structure and Rationale 
of, i. 205. Ms... 

Cometegraphy Newtonian, a Compendium of, iii. 20 3, u. 

Condenſer, Gage of, what, ii. 198, n. | 

Conduits ſupplied from Springs above "ens he TY De- 

monſtrated, ii. 6, n. = 

Conformation of the ; 4 various, $i. 32,0. 

Conic Sections, Refraction in Curves of, demonſtrated, 
ili. 18, n. 

Conjunction: and Oppoſitions of the Planets, fi Wl, I 34. | 
Between two of Venut, iii. 141, n. 

3 when invented, iii. 255, n. Cons, 

ſeveral of, ibid. Flamfleed's the chief, iii, 255, n. 
Of the Twelve Signs, iii. 257. Of the. N. Hemi- 
 Tphere, ili. 258, Jeg. Of the 8. eee wo. 
id. 

Continent, what, iii Lil 283. ba, 

Controverſy, a 3 one, whether the 1 of Bo- 
dies in Motion ſtriking each other, be proportiona- 
ble to the ſimple Velocity, or the Square of 
the Velocity ? i. 241, n. Metaphyſical Di- 
ſtinction of vis viva and uit mertud conſidered, 

242, n. 75 ibid. Another Diſtinction between 
Force and Preſſure, examined in every poſſible Caſe 
| where the Forces of Bodies can vary, i. 244, n. Un- 
ſupported alſo by Experiment, 1. 246, . Cavities 
made in ebe 40 ing Bodies not N Pur- 
e, and ny, * . 41 4 
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Cite, Humour, fee Eye. | 

Cupping accotinted for bye Spring " thi Mey" i, 

7 | 
Curve ie erbolic, Fortieh? 'by Water in Site Planes tho 


mouſtrated, i. 25, n. afar, regen of Bo- 
dies on, i. 111. See Motion, 

= Cycle of the Sun, to find any Year of, Wem page 'by 
nene joy: Metonic, — 244. 
Explained, ibid. & ſeq. Of Induction What, iii. 

"246; How many, ff. 247. Of the Sun accoun 
for, ibi - 

Seid, Nature and Ul of in Pedudume MY "Irie 
„ keeping Inſtruments, i. 118, n. Nature of Uly- 
. Nrated, 1 + 1 Jer.” Several Pattictilars 'relat 

u Pendulum, i. 127, n. Property 6f, i. 127. The 

| "Subs of Sit chore demonſtrated, i. 4 2 bo 
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Sidereal „Whät, ibal. Muſtrated and explained, iii. 
See. Begins rectly: m different Parts of iche 
World, iii. 236. 
Declination and J nclinatiqn of the Needle char 46, n. 
a and Stars, What, iii. 256. 
„ Denfi y, What, i. 84, n. "Propor ions,” of, what, ibid. | 
| the Air different 3 2 3 . How it de- 
Dr. © me? f the Wind 
"LS x0" able” GP Spee made on. Güns 
At 12 Wiles a "i244, n. e 
55 e nis Impro emegts to the Fire Engine for 
"Y rating Wa ater by Steam, Sb r ii. 
6] Sn: e 92 Jallle 5 TO FRI 
1 pee of Fluids by whapadied, ü. 2. Of: Bottles by 
"Y Oy" in what * i. 83. Ste Beulen. 
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Haſcenſun obligue, What, . 256. Beg 
| Dia}, Rorizontal, what, in. 271, * a. and, N. 
Wal. Reaſon of, iii. W 5 255 

Nie Theg of, iii. 6 N 

c Scale "Muſick, What, li. 2 Fel 5 
Dim ian Period, what, 1 All, 247. 35 called | 

the Paſchal Cycle, ibid. pos 
Digprick Problems univecal Method by Flaxins 4. 
monſtrated in many Caſes, ii | 
Duptrics, what, Jul. 2, u. 5 ako em * 998 | 
Dipping Neegle, what, Þ 4 8 
er Dr. Hale's D 
Mo, u. 

Diſſlution of Metals accounted for, 1. BIN 
Diver fity of Ratio's, b 25 3 
Di len, eee e 


9, n. © N 
D.vingeBell, Uſe of, on what Depend i 8. | 
as ng a Bell, ii. Or. 
Form of deſcribed, ii. 17 5, n Conregience; of, il 
178, u. Improvement in, ii. 178, n. Dec 
: of. Mr. Triewald's of, ii. 17941 " ps Oe 
Divif bility of Matter, what, 1. 1 An. eaſy, emon 
tion of, i. 10, n. Another, ibid. * 
Dominical Letters, what, and why ſo called, ii. 242. 
D, awing, an mag for, taken from the Camera 
Quſcur 0, ii. 8. 
D- op, f pherical 4 falling Rain, Plicnomena of Reder. . 
tion and Refraction in, > luſirated, AER... i 
Drops of Glaſs, the. Phenomena AFRO Soc, i. 5 u. 
e Kane, hath I. 4 Sg | Wi | 


X.. foto are F in [i Mind, ii, 222, .. i 
% * . Diſtance of, ini. 116. "na 2 
as appearing from the Moon, ii. 5 
demonſtrated, ul. 14 n. & 


a 3 wen: Motion. repreſented by. an PE il, . 1 ; 
169, n. - Remarkable Phenomena, from the otion . 2 
ol its Axis, ü. 170, 1 Conical * 
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dhe Axis of, Marc by Sir Iſaac Newton, we 
150, n. Stidow: to find Magnitude of, iii. 193, n. 
Method of meaſuring its Magnitude, Ki. 292, n. 
Attempted 1 in Holland by Snelling and r 
min. 293, By Norwood in England, ibid. Its Figure 
Whether an oblate or oblong Spheroid, iii. 294, n. 
N. Pole Menſuration of a Degree at, for determining, 
ni. 295, n. "Axis, Phyfical Explication of, ili. 35 ad 
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Eoft Wind, under the acl ii. 207, n. 
Ebullition and Heat accounted for, i. 37, n. 
Errentricities of the Orbits of the Planets, iii. 144, n. 
7 - Inconſiderable, i il, 182. Their Motions circular, iii 
＋ Nt 
5 <1, ." Ip . Na ture of, accontited foe; U TH 
241, n. of a ſingle Sound obſerved by Dr. Derben, 
il. 244, n. Polyphonous Uſes of, ii. 244, n. 
Edipſe of the Sun, iii. 196, n. Calculated when no 
Refraction alters the Latitude, iii. 198, n. & eg. 
Where it has any Latitude, ili. 197, n. & ſeg. On 
an equinockial Day repreſented, iii. 200, n. Lunar, 
. _ conſtructed, iii. 201, n. Theorem for finding the 
_ © Ecliptic Limit, ii, 202, n. 
Ecliptic, the Inclination of the Planets Orbits to, iii. 
535 What, il. 173. Signs on the, Names of, 
7: 
: Efie, Magnetic, Method of rendering viſible, i. 
44, n. 
Elaſticity, to what owing, i. 33. 1 
Electrical Bodies, Attraction of, i. 39. Their Proper- 
q ties, ibid. and i. 41, n. Experiments by Mr. Canton, 
BM i. 52, & ſeg. Queries concerning, i. 62. Exhi- 
AY bited in an * Manner, i. 63, &./eq. Further 
185 Experiments by Mr. Canton, i. 295 & /ez, Two 
* | Sorts of, i. 41, n. Difference of Vegetable and A- 
nimal Subſtances, ibid. & /eq. Poſitive and nega- 
tive Powers of, how excited, i, 69. Of the Atmoſ- 
phere, may be obſerved in Winter, 1. 73. LO the 
Clouds in the open Air, how diſcovered, i 71. 


5 lements to ey; Bodies may, be reduced, what, i : 
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ne of the Water in the Moon eſtimated n e 
__ "Earth, ii 110, , 


Elongation of the Moon, what, | bil... 121, n. gs „ h 
Engine, Water, by Mr. Newham, ii. 49. Tot n mi- 
ſing Water by Fire, ii. 70, . . : 

6 FE wi What, ui. 238. „„ 7 5 
e 
pochas, what, and how many, ili. 240. | fe . 

Eguabl. Motion, What, Ly ge How generated, NI. "= 
O, n. ä r 

2 What, ili. 173. See le., . : 

Egainax, vernal, when, iii DEB en OO 


Evaporation, how ic for, i. 34, n. 5 
Euler, Profeſſor, blames Sit Iſaac Newton's Computation 
of the Sun's Force in railing the Sea, it. 1055 n. 
Ex panſiom of heated Metals, what, i. 12 5 u. 
E 750 fon. See Heat and Ebullition. ... 1 
E 7 quinoxes or. Equinefial Points, what, i li, 17 3. Ver 
nal and Autumnal, what, ibid, 1 | 
Eye, Deſcription of its Parts, iii. 26, 'Seftion. of, ii. 
27, n. Particular Deſcription. of, ibid. Dimen- 155 
ſions of, iii. 29, n. Ratio's of Refraction in, ibid. 
Various Conformation of, ini. 37, n. The Flatneſs be | 
the Cornea and Cryſtalline tumour, a * n 1 
40 How ee. . 9 ; 


Irmentation, 1 cauſed, L 36, n. Dr. Hales, 8 Me- 
thod of generating and abſorbing Air, ii. 117, n. 
Principal Sudjects abſorbing Air, en lf 

Figurability, a Property of Matter, i. 8, n. | 

Figure, ſpheres of Fluids accounted „ 38, . 
True of the Earth, i. 142 LY WW | 

Filtre, what, 1. 355 n. Vegetation, acconnted for by, Wl | 
ibid. Circulation in the n. Body, ibid, ln 
Wicks and other Bodies, i. 26. 

Dire, what, it. 279, n. and ii. 28171 n. Engine, The... — 
ory of two Sorts, ii. '73, n. For raiſing Water by 
Steam, ii. 73, n. & ſg. 9. | Improvement. in * 1 
Mr. P ayne, It, 87, u. 


Fin of eaſy Regectes and Tranſi miſo, Wie U. 536 vj 
* agendi of, What, n. 336, n. f 9 
18 3 ; Ws Ee EZ | Fun, 7 1 
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Mie whats k 7777 —); 1 22 4 
Flame, Difference between it Por Fite, . ata "45M 
Florentine, Experiment with a Globe, i. 25 1, n. 
Fluids, ſpherical Figure of, accounted for, i. 48); n. 

What, i. 249. Four Characteriſtics of, . | 

4. 249, n. Subtility of the Particles of 25t, N. 
ws and Properties of, i. 280. Gravitate on one 

another, i. 252. Their Preſfute, I. 254. Abſolute 

Gravity of, i. 4 54 n. Preſſure u pwards and down - 

wards equal, i. 255. Surface k # perfectly ſthooth, : 

1. 257. Figure F the Surface convex, 1. 258. 

db this Convexity «does not appear in F twids of 

- ſmall Extent; 1. 2 8. n. Preffure. of a 235 

- what, 1. 259. Fafy ay of Computing by Seties, i. 

— 269 Objection anfwer d, ibid. Preſſure a raitſt 
the Side of a cubical Veſſel, what, i. 261. Upon 
the Botton of any on gig to the Altitude 
only, and why,"t . en ſeq. Latral Preſſure, 
what, i. 262, n. rence between Fluids and 
Solids; 1. 263, . Preſſure on the Bottom of Veſſels 
eſtimated; i; 263, H. & ſe, Getietal f hbeorem for, 
- 4. 264. Pretfute Centre of what, I. 265, nu. Ex- 
act balanced by a Forte equal to the hole Preſ- 
- ſure, ibid. Centre of, Preſfüre the fame as of Per- 
cuſſion, i. 266, n. Reaton for trying chem with the 

Hydrometer, i. 280. Specific Gravity of, how de- 
termined, i. 285. Motion, to what owing, ü. 2. 
Natural Motion 115 from Gravity, ii. 3. Rea- 
ſon for, it fg e Particles of : 10 ond Bodies, 
and obſerye the a Liws with thee, ii 4, u. De- 
monſtrated, ir. 2: Eaſily en; thito! $yphons, 

"IF 11. Vite) era Sho witing ons, ii. 33 n. The 


<2 of any projected 2 Eſtimäted, 3 fl. 35.0, 
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Fluigity accounted for, 1. 32 33 


Huriens, univerſal Method 15 Ps ing net r 

add Refraction, . 3 8. 

Eh, er Tuck. 

Fhing, impoſſblein Man, ii. ii. x Þ "ry 
Focal Diſtance of Convex aid 86 han 
b Anding, 1 ü. 21. De 
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Foci or focal Hogs of an 3 lis, what, i a 
Focus, what, ni. 1 ee 33 n 
nary or Virtual, bes, if 728 1 7 3 1. 
Fofltive and negative, wh it. 22. In double « con- 
vex 5 Rule for finding, iii. 25. 
Foot, Engliſh, compared with Standards of diverſe Na- 
tions, 5293 —_ | ; 
Force, relate; What, i. 22 n. Of Bodies in Motion, 
Controverfy about, i. 241 n. Of the Moon and Sun, 
*N. 106 n. Of the Air's R epulſion, ii. 1 35 n. Of 
Wind on the Sails of a Nil com e 11. 215 n. 
Of Wind mathematically calculated by the Anemo- 
ſcope, it. 211 U. Centripetal Law of, determined, 
tit. 150 n, & fepg. ProjeRtile Ratio of, ii. 153 un. 
Ferces wich which a Body is attracted on two Spheres, i. 
| 87 n. Two acting on a Projetile, i. 129. Central, i. 
1.33— 136. Centrifugal, what, i. 135. Centripe- 
tal, what, i. 136. Of the Sun and Moon! in railing 
the Water, computed, li. 102 th © 
Forcing Pump, Conſtruction of the common, I. 56n. , 
Fountains, Hypotheſes of, it. 10 n,. Origin from the 
Sea, wrong, ii. 10 n. Two Principles of, U. 11 n. 
- Natural, accounted for from Preſſure, ij. 20. 
Friction, its Effect on a Machine, i. 170, Not pro- 
i ortional do the Quantity of Surface, but to the 
eight of the incumbent Part, i. 179. Several Par- 
ticulars of, i. 179 n. How diminiſned in any Ma- 


chine, i. 82 n. Particularly in FRI i. 183 u. 
Fufion accounted for, 1. 34 n. 
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Gt, Deſcription of, ii. 23 = 
Galilean Teleſcope, the firſt ihe; itt. 67 3. 

Galileo, * Satellites diſcovered by, wi. 23 b. 
"Gates of a Lock, i 162. | 5 
Gennes, M. de, his Clock eg on on an inclined Plane, / 

1. 201 n. 
Glaſ; Tubes, Fiiedtimenaiof' capillary 1 231 "I ee 

_ Capillary. Drops, Phenomena of, . 38 4. . 


ing, Nature of, iij. 38 n. 
a different * gs. » \Reflexion; ihe 9 0 u. 
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NEST? Method by Flaxions of * ; the alf. 
ferent Effects in Reflection and Refraftion, ui. 3 . 
Exemplified in the Ellipſis, iii. 5 2 . Hyperbola, 
ibid. Parabola, ibid. And in all ſpherical, ellip- 


tical or parabolical reflecting Surfaces, ni. n. 


Kinds of, what, ili. 19. Viſual explain'd, i. 397. 


8 lobe, Problem curious, for finding its Thickneſs, i. | 


1152 n. Celeſtial, ſeveral. Problems on ſolvad, iii 
268, & ſeq. Aftronomical Problems repreſented on, 
ni. 277 n. Terreſtrial deſcribed, iii. 8. Frob- 
lems, ſeveral ſolved on, iii. 284. 


(Gnomonicks, philoſophical Principles of, iii 268 1. 
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deſcribed, ii. 65 n. 
Graveſande,1 Dr. his Helioſtata deſcribed, i ii. 89 Bos 
Gravitation, Attraction of, i. 82. Of Fluids, i. 2 2 
2 5 
Grabber, ſpecific, Table of, 290 U. 5 
Gravity, what, i. 86. Specific of Fluids. how deter- 
mined, i. 285. Mean, of Air, what, ii. 151 n. 
Greateſt of the Air, ii. 125n. See Attraction. 


Gray, Mr. his Experiment to prove the Attraction of 
the Heavenly Bodies electric, i. 41 n. 


Gregory J. Dr. Teleſcope contrived by, iii. 75 n. Im- 


proyed by Mr. Hadley, ibid. Small ARR by 
Mr. Caſſegram, ibid. 


Gregory XIII. Pope, reforms the cada, in. 240. 4 
Gulf, Whats Ul, 284. 
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722 Mr. Ex as: for recorering. the decayed 
Virtue of Loadſtones, 5 
Hail accounted for, i. 27. 


Hale Dr. his Experiment on ſeveral live Ann 
55 37 n. For producing Air, ii. 215 n. Graduations 
on his Thermometers, ii. 186, n. Computati 


> a to Bellows, ii. 218 n. Invention of the 
Sea-gage, 139n. 


| Hale Dr. Hypotheſis: for the Variation of che Needle. | 
W 12 n: His Obſervation on Vapours falling on the 
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Mountains of St. Helen 

in that Iſland, ibid. & fra. In the Mediterranean and 
Thames, ibid: An Objettion to his Theory of Va- 
pours anſwer'd, . 18 *n. Form of a Diving-Bell 
4d The principal Phznomena of 


eſcribed, il. 175, n. | 
Wind taken from his Hiſtory and Map, I. 201 n. 
Solution of a Problem of Venus appearing in the 


Day Time, iii. 135 n. Method of calculating the = 


Quantity of the Tropical Year, ut, 225. W 
Harmony, What, ii. 255. | [SM 
Hald's, how formed, ii. 368. 
Harmonical Proportion, W ii. 2 8.5 7+ "HE eee 
Haryfichird, ocular, attempted for entertaining the The 
With Harmonic Colours, ii. 322. - 
Harv Moon, Phænomena of explain'd, ili. 27 & : 
Haulibee's accurate Method for finding the refraftine 
Power of the Air, ii. 39 n. 
Heat and Ebullition accounted for, i. 27, n. And | Cold 
inquated' by the Spring of the Air, ii. 181 n. - 
neral Cauſe of Wind, ii. 203. What, it. 13 n. 
281 n. Of a Polar Day calculated, iii. 189 n. Of 


A Summer Tropical Day calculated, iii. 186 n. Of a | 


Winter Tropical Day, iii. 187 n. When a Maxi- 
; m_ in any given Day, Problem for finding, Hi, 
188 n. 
Heliome'er, what, iii. 37 3. Invented by Servington Se- 
vory, ibid. & ſeg. 
Heligſlata. See Graveſande. a e 
Hemiſphere, Property ot, in Glaſſes, ili. 17 n. Cele - 
ſtial, what, iii. 297. - 
Heteroſcii, who, iii. 28 . 
Hieros Crown. See 3 MED „ 
- Hiftory of the principal Phznomena of Winds ry 20 1. . 
Hyperbola, Properties of, i. 326 n. 
Hiote, Dr. Inventor of the Wheel Barometer, 1. 138 n. 
Horary Circle and Index, what, ii. 177. 


Horizontal Amplitude of Projection. i. 129. - Random 


of Projection, what, i i. 129. Inſtrument to draw a 
Line truly fo, ii. 5 n. Dial, what, iii. 2717. 

Hoſkins, Mr. 8 5 his curious Mercurial N as im- | 
A what, ii, 270 n. 
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Huygens 's Theorem for the beſt Lenſes, ii. 64 n. Long 
＋ 1 7 common ie, ibid. & 9 1 
for fix] Object · Glaſ on a Pole, il ibic „ Table 


ple of of Ute 


h Hane, Reaſon for tryin Fluids by, i i, 280. Uſe- 
fulneſs of, i. 281 n. Deſcription of the common, 
Ibid. Not the beſt Structure, ibid. How improved, 
i. 282n. Several Experiments with, i. 282. How: 
to adapt this Inſtrument to all Uſes, ibid. "Beſt Me- 
thod for trying Proof-S . i. 213. Rationale of, 

i. 287 n. 

Hyuroſtatic Balance, Uſe of, i. 282, & ſeg. Deſcription 
of its Parts, i. 284. Different Gravities of Solids 
and Fluids compared by it, i. 285n, How common 
Water might be made a Standard, i. 286 n. 

Hates, recommended by Mr. Boyle, A 319, 
| "Uſefulneſs of, i. 309. Paradox in, ſolved, i. 267 * 
uences from, i. 268 n. What, 5 24 

1 Uſefulneſs ſhewn in ſeveral Inſtances, i. 298. To 
find the Quantity of, Preſſure againſt a Shore or 

Bank, i, 301- Other uſeful Problems, i. 310 n. 

. Fe 1 of Mediums computed, _ 


rameter its Uſe in finding the Moiſtare and "_ 
25 of Alr, 1. 187. Beſt f Form of, ii. 88 3. 


Hypotheſes, three of hs Mundane Syſtem, it 96. 
7 «4? obs, what bdrb kg I. 4 $726 © ; 


Ack, common, what, i 4. 166. m1" in 1 ebnen 

Jack, Uſe of, i. 188 n. Beſt Form for one, i. 

7189 n. Great Powers of computed, ibid. & /g. 

Jet d Eans, Theary of, ii. 222. Why they do not ri . 
to the Height af the girs, i. 23 n. Velocity 
ol one demonſtrated, FAY 25 n n. Table of the Height 
to which they riſe, i Tf 27 n. Fach ey fn. ll. 

5 Nj _ 

3 Circle of, What, ill. 177 wil 

Images of Objedts in various SIN Ju, 12 1 e 


" ous Poſitions of, iii. 22. or Objetts, iti what Fo. 


a of 1 5 Rays to be placed, iii. 22! — 
Imaginary or Virtual Focus, what, ili. 17. 
Tana. See Solidity. ö W 5 
Impetus, What, 1. 129. | i 


Incidence, Angle of, ii. 295, Fe a. And A 
tion, the Sines of the Angles of proportional, bi 297. 
Inclination of the Needle, i. 46 n. 


Taclined Plane, what, i. 166. Several Particulars of 
n : 
Inflettien of Light. See Ref ai of Light. 
Inder horary, ii. 177. | 
| 2 Inſtances 5 ee n by i. EL n. 
Iſtand, what, iii. 283. | 
Ie, what, ili. 283. 5 r 
7ulian Period, what, li. FR 1 
iter, three Belts obferied, il. 114 n. Has Wer 
tellites, iii. 118. Diſtance from the Sun, il. 125 
n. Why his Moons move — in a right Line, 


Moons, Method of finding the Diſtance of the 
2 outergoll, an pe DOTS. 
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Het 7 war, what, 81 175 ; 3 * 
£4 Lake, what, iii . 284. | 
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Lanthorn, Magic, what, iii i. 78. TOY > 


Latitude of a Star, what, iii. 258. of . on 
the Terreſtrial Globe, what, in. 280. 


Laws of the Attraction of Coheſion,” i 17. General 
of Motion, i. 1or; 102, 205% n. Of lies 1 250. 


Immutable, regulating the uable Motion of the 
Planets, i. 140 4. 07 the C nee, Force, ii. i, 
4150 n. & ſeg. NT 180 


x 3 of I burning, 2 2. Separating Rey 
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ike a Priſm, i ii. 314. Axis of, what, ili, 2 u. Ver- 
tek, What, ibid. Several kinds of, iii. 2 3 What, 


and how many Sorts of, iii. 19. Refraction by, m. 


24. Double and equally Convex, Rule for finding 
its Focus univerſally, iii. 25. Convex, Remedy the 
_—_— of the. Cornea, and Cryſtalline Humour, i. 

Convex, Advan tages of, ill. 41. The Imper- 


5 Eftion of its Figure, iii. 62 n. How - remedied by 


the old Opticians, ibid. And how by Sir Ns Neu 
tan, iii. 63 n. 

Level for a ſmall Diſtance, f li. 5 n. 

Lever, what, i, 161. Five Kinds of, i. WT: Ty ek." 
pound Pendulum, 1. 173 n. Several Properties of, 
ibid. & ſeq. Table of Powers, i. 179 n _ 

Libration of the Moon, what, iii. 120 n. > 

Liburkun, Dr. Invention of ſolar Microſcope, ili. 86 . 
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Lifting Pump, Conſtruction of, ii. 56 n. An excellent 


one invented by M. Goſſet and de la Demnille, | il. 65 n. 
Light, Reßection and Infection of, i. 38 n. W hat, 
'U. 267. The immediate Means of Sight, li. 268. 
| Remarkable Properties of, ibid. & ſeq. New 
tonian Theory of, li. 270 n. Velocity of its 
n. 271, n. Weight of inſenſible, ii. 272 n. 
The Particles of, have Magnitude, ii. ibid. 
Reflections from Bodies, ibid. & ſeg. Rays * 


reflected from various Mediums, ii. 396. Rays & | 


how Bodies act upon them, ii. 300 n. Refl 
and Refraction of, how cauſed, ii. 301 n. Velocity 


of, ii. 303 n. Refrangibility of, ii. 313 n. Rays of 
how reflected, ii. 326. Rays of pervade a rare Me- 


dium leſs than a denſer, ii. 328. The Reflection of 
the Particles of, ii. 332 n. How variouſly diſpoſed to 
be reflected and tante, ii. 337. Velocity of un- 
known to the Ancients, 1, 273 n. Rays of, how 
many Sorts, ii. 7. 


h Lightning and Thunder, how cauſed, i. 37 n. | * : > 


Line, what, j. 6. Of the. Apſides, it. 87. 
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-  Lrad-Stene, See Magnit, _ 
Lock, what Angle Lhe” Gates of one mould form 


with the Sides of a River, i. 228. 
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tellites, ill. 125 n. Of the Sun or Stars, what, 1 
25 /. Of a Place, what, ili. 288. 1 
Logarithmic Curve, its Nature inveſtigated, ii. 2 50/ n. 


A 8 . of, 9 11. * 
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| Ib Effect of Frictlon on, i. 170. --Comjickind, 
what, i. 180. Greateſt Perfection of i. 184. 


Friction of, how diminiſhed in, 1. 182 n. 183 m n. 
Marulæ. See Spors. TT” 8 


Magic Lanthorn, what, iii. 78. 
 Magmiiic Effluvia, Method of rendering them Able 
i. 44 n. Attraction, its Law not aſcertain'd, 1 1. 47 n. 
Magnet, ſeveral Properties of, i. 42, and i. 43 n. A 


ſurpriſing Property of, ibid. & ſeq.” Different Powers 
of, i. 47 n. & ſeq. 


Magnetiſm, Inſtances of acquired by 186 Bars, i. 48 n. 
Several Methods of communicating, ibid. eg. 


Mr. Haac's Experiment for recovering. the decay d 
Virtue of Loadſtones, i. 50 n. 


Magnets, how to make artificial, i. 7 5,& F 

Magnitude of Bodies, what, f i. 6 n. Centre of; S 
«+ - | 

Maps of the World, what, iii. 299. Princi ples Philo- 
ſophical of, ili. 306 n. . 

Matter in all Bodies the ſame, i. An. Difference ariſes | 
from various Modifications, i. 3. Exemplified in 
Water, i. 5 n. Figurability a Property of, i. 8 n. 
lafinitely diviſible in a mathematical Senſe, 9. 
Mobility of, i. 10. Vis inertiæ of, what, i. 11. 


Attraction of, what, i i. 12. Repulſion of the * 
cles of, what, 1. 13. | 


Maxima and Minima, Examples 'of, i. "I n. and i. 
230. Bees conſtruct their Cells by, i234 n. 
Mechanical Powers, i. 161. Why-ſo called, ibid. 

- Mechanics, fandamental Principle of, i. 162. Not un- 
derſtood by thoſe who imagine the Poſſibility of a 
perpetual Motion, i. 162. Demonſtration of the 
fundamental Principle by Sir //aac Newton, 1.'167 n. 
: Mechaniſm of the Parts" of — and Watches, I. 
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190 n. No Ben and n i. 
197 n. Of the wg Pert, 3. 195 n. * "Wand 
,mills, i. 219. | 
Mediterranean, Vapours exhaled from, ** 13 n. In- 
flux from the Ocean, whence, ii. WK A. 
Mediums, Reſiſtance of, 1. 3% f 
Meniſcus, why beſt in Catadioptric Microſcopes, ii lit, 
50 n. Species of Lens, iii. 199k. 
Mercator's Projection, What, 309. Of great a Vle 
Hum, compoſed of ewe Nates, ü. 


in Sailing, ibid. & - ſeg. 
Melody, — 


255. 


| Merew;ial, Funp, a curious one, invented by Mr. th 


int, and; improved by Dr.- Deſaguliers, ii. 57 b. 
J4- Peculiar Manner of working, ii. 58 n. 
Tionale of, ibid. & .,. Its Structure plainly repre- 
ſented, ii. bin. 

Mercury in the Barometer Indicates the Quantity of the 
Air, ii. 125 n. A Table ſhewing its Aſcent and 
Deſcent, ii. 189 n. Mean Altitude of, e 145. 
Weight ofa cubic Inch of, ii. 151 n. 

Meridian, what, iii. 174. General, chat, ibid. Ho- 
rizon, what, iii. 174. 


Meridional Parts, Table of, for the * 8 rend. by 


Mr. Murdoch, iii. 313 u. 

Metals, Diſſolution of, n ol 1, 38 6. e 

Meteors formed from Vapours, i. 34 V 

Aeionic Cycle, what, il. 5% _ 

Mierometer, what, and how conſtructed, n ill. 52 n. 
New Pocket one, iii. 5 n. Theory of a Wo one, 
dit. 372. General Rationale of, iii. 372 & ſeq, 
Applied to the refracting or refleQiog T Teleſ, cape, 

ni. 377. = Application to refracting Teleſcopes 
leſs convenient, iii. 88. Liable to ſome Objec- 
tions, ji. 384. 


e Lage, Uſe of, iti. 12. Several Sorts of 


illuſtrated, iii. 42. n. i Je. Single, focal Dil- 
tances of determined, iii. 44 n. Double, what, 


ni. 45 n. Catadioptric, Conftruction of, Au. 49 n. 
Reflecting or catoptrie, Conſtruction of, iii. 50 n. 
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* e veel i. 53. MMieroſcops' Solar, What, Al. 
80. Difference between it and the M agic Lanthora, 
mM. 81. Common, Ferm of — . 88 n. 
TWO Forms of, A. S6 . How uſed, ii Hi. 87. New 
6 dne, ini. youre —_ Improvements i in, & ſeg. 
Its various arts deſcribed, in. Univerſal, 
| nt Conſtruction of, ili. begs L 
Mill,” Conſtruction of Br. Barkirs new jnvened one 
1. 216 n. 
ll, fee Water _ Mu Mill, eee 
Mineral Springs, how cauſed, ii. 1B a. pl 
Mirrours, prodligious Effects of, ii. 287. | ThePowet of 
-> Burnin g in M. Villenꝰs, computed, 4. 288 n. Wat and 
ow iy See. of, iti. 19. Convex, Reflaftion in 
mMuſtrated, ini. 20. Comex and eke, Neale for | 
fading the focal Diſtance of, ili. "ks" een 
Mobility of Matter, what, i. o. ee ee 
Modiſicutioui, ations, form * Difference of Bote, 
WF 113. 22 Bow Matter, © 11 30419 25 ; 
Meniennum, or Quantity of Motion, ber 1. 902. In 
the compound Ratio of 'the:Quantity of Matter and 
che Velocities of re 1. 93. General 
Enxpreſſions for, wid s? H 
agb, Various in different Seas, Il. 204 n. Their 
. „ up, what, ii. 205 n. n of, ibid. 
Aan, Fed and + of wt eng what, 
il. 119 n. . ieee 
Moon, its R eitiogcating the Tidesi ii. oak n. When 
| conſpiring with that of due erch, illuſtrated; ii. 93. 
When that of the Sun is added, illuſtrated, ii. 94. 
And Sun, Forces of in raiſiag the Waters e 
- 4 102 n. The Elevation of the Waters in by the 
' Earth eſtimated, ii. 110 n. Her Force —— 
88 the Waters, ibid. Without any 
8 Thy, ti. 116 n. Has variety of Mountains, bid. 
Spots on, what, iii. 117 n. Cavities, deep ibid. 
Abe eireular Limb, why it does not appear” jag- 
„ ini. 118 n. Has no Seas or Lakes, ibid. Spots 
in, unchangeably the ſame, ibid. Periodical'Menth; 
what, iii, »+9\n, Synodieal, what, ibid.” -Pliniſes, 
different, of, accounted for, ii. 120 n. Iibenden, 
© what, ili. 120 n. and the Phænomena of, 
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mined, ili. 121 b. Elengation of, what, iii. 121 n. 
Phaſes: of ſnewyn by the Orrery, iii. 192. Dark Sha- 


dow, What Fane of the Earth's Surface it involves, 


i, 195 n. atance in an Eclipſe, to what 


dwing, ill. — n: Motion of, dimilat to. that of 


the Ocean, 1 ut. 319. Harveſt, ſee Har oon. 
1 the Deniers of, deny a Vacuum, i 1.4 In. What, 


I. 88. Abſolute and relative, i. 89 n. Equable, 


what; i. 89. Accelerated, i. 30. «Retarded, ibid. 
| Equable, how generated, i. 90 n. Accelerated, 
dar produced, ibid; & eg. Continually retarded, 
how, i. Fas n. Bodies projected upwards, ibid. Ve- 
© locity of k, What, 10% Momentum or Quantity of, 
192. Firſt general Law of, i. 94. Second d general 
Law of, i. 97. Third general Law of, 1. 99, 103. 
Of Bodies Yr freely in Vacus, i. 108. Six 


be —＋ 5 the Fall, i. 109 n. The Spaces are as 
- the Squares of the times, ibid. Of Bodies deſcend- 


lag on inclined Planes and curved Surfaces, i. 111. 
Six Properties of, ibid. Deſcent in a reſiſting Medi- 


zum, ibid. Circular, i. 132. Properties of, i. 136. 


— 2 Law of Gravitation at the Moon hence diſcovered, 


1. 141. Mechanical, the ſole Principle of, — 
1.148. Centre of, what, i. 148. Perpetual, Impoſ- 
Ability of, i. 162 n. Of Fluids, to what owing, ii. 


2. Of Sound, equable, 24 n. Of the Earth's 


Axis, phyſically explained, iii. 351. 1 
 Morelgnd,. Mr: Saen inventor of a Barometer, ii. 
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| | Moſer, Aa Paſſage: EOS ak. aadedtion Das iii. 96 n. 


— have. no Springs on their Summits, ii. 15 n. 
How. Vapours carried to their Ridges are diſpoſed of, 
ü. 13 0. Lunar, curious Fagblem for Magluring the 
Height of, i ut. Inn 

2 25 er i 94 n. & . Idea, auguſt, from, 
in. 90 An Pallags al. how nenen 
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of the primary lanets ſtated b by, Ul. 305 n. © Firſt 
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Properties, ibid. u. By Jur. d r, ii; 30 u. Areas 
of deſcribed by a Comet, MI. 206 n. Divirnal and 
-- Horary;. ini. 207 0 e 


Paredes, | Solution of, 1 267 3. Remark- | \ 
able Praof of, L280. + | | 
 Parallas of the Sun, what and de beendet 5 ni. 
109 n. Horizontal, the Moon's Diſtance from the 
Earth determined bys * e Found in the fixed 
Stars, ibid. & jo.” 
Parent, Mr. propoſes Sails of « Mil in Form of dur z 
. tical Seftions, i. 217 n. „ 


F of Fluids ſolid Bodies, ii. 44. 


| Ie bis Improvement in tho Fire-Dngine, 5 


Pendulum, Doctrine of, i. 117. See Cycloide Several 
Uſer af, i. 123, 124 . An univerfal Standard of 
Meaſure, i. 124 n. Inconvenience from Heat and 
2 123. Uſe of a curlous . 1, 27 33 | 

Compound, what, 1 n7g ns : 
mee, what, it. 283; IN 
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accounted for, ii. 201 n. Principal, of Sound explain 
ed, li 225 n. Of Colours accounted for, ii. 355 l. 


prove the Copernican Syſtem, iii. 137 n. & ſeq.” Se- 


veral, from the Motion of the Earth's Axis, iii ui 170 n. 


þilegic:Syſtem, why o called. ROY u. 5 4 
;Philoſophizing, Rules of, i. & ſeq. . 


Of a Comet moving in a Parabola, iii. 211 n. ot 
the Haryeſt Moon explained, iii. 275. 1 
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cal Times ſtated, iii. 105 n. Inclination of their 


Orbits to the Eeliptic, what, ili. 108 n. Their Di- 
.ameters determined, iii. 109 n. &i. Spots ob- 


ſeryed i in, Ut, 113 u. Three, have their Satellites 
or Moons, ili. 114, 115 n. Conjunctions and Op- 


„ in. 133 n. Their different Directions 
an irrefragable Argument of the Solar Syſtem, iii. 
{137 Move round the Sun in elliptical Orbits, iii. 
143, Wuftrated, ibid. Their Orbits quieſcent, iii. 
144 u. Their anomalous Motion determined, iii 


146 n. & e. Motion every where unequable, by 


147 n. Let regulated by an immutable Law, ibid. 
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ty and Bardneſs of Bogtes, * cn niet a 
for, ii. 294 d da on” 
Poſfidenius) ey of deſcribed by Cid 0, 
Power of Attraction, what, i. 14. See Attrattion. 
Different, of Magnets, i. 47 n. Of Electricity, 
What, and How excited, I. 69. Mechanical Number 
of, 4. 167. Of the Wedge demonſtrated, I. 172 n. | 
of the Lever-Table, for, i. 179. n. Sim ple, %s m. 1 
bined in compound Machines, i. 180, Of Clocks 


ay Watches, i. 189, ſee Clocks. Retarding, whence, * 
i. 316 n. That by which Light i is refletel and re: : 
s fracted, 4. & + e OS 
Precipitation, how ot for, i. 36 n. 5 1 8 8 . 
Prime, vertical, What, ii. 268 n. Seo = op. 1 
Principle, fundamental, of Nas, i. 162. , ot Ry - 2 
droſtatic Proceſſes, 2 271 n. „ 2 | 
Priſm, ſee Cours. da gooey 


Problem, curious, ſolved and, ail N. 152 5 
Several uſeful Ones in Hydroſtaticks, i. 303 * 
How Glaſs poliſhed by fretting Subſtances can E. 

flect, ſolved, it. 334 n. Curious, for finding the 

7 Height of a lunar Mountain, lit. 117 n, Several, 
ſolved by Fupiter's Satellites, ii. 125 n. By Pr. 
| Halley from Fenus's appearing in the Day: oe lll 

135 n. Famous, propoſed by Kepler, ili. 161 Gt n. 
To determine the Rafe of Heat which any 
© receives from the Sun, iii. 184 n. For finding oy Plc Heat 
of any Day, iii. 184 n. & ſeq. Several, on the ce- 
leſtial Globe ſolved, iii i. 268 & ' ſta. | On 5 re 
wh Globe, Ut. 284. Ses ographical, b T igono 
„ CHI WOOD 25 1 8 
Preſſure of Fluids IN thr Gravity, 1. 254. 2 ; 
of, what, i. 265 n. Eaſily conveys them through 
7 phons, il. 11. Cauſes the Riſe of Watet in Wells, 
II. 16. Of the Air a Caufe of the Moudon of Fluide . oY 
On the Body of a 8 -fized"Man, w what, I. 148. 
How n 18150 Effects of, Ibid. 43 
 Proeile, What, i. 129. 084 0 pon of 5 JS, 
1. 129. Wine Pine ir Alber 3 * Ti 
* . 6 f, f. 130. "Bbw ir after 


ibid. rs r i A *P 93 


5 Loli, the" r * 


| al 


1 N D* — = 
of : | 
gn & the Spheve, . oe 


* Spirits, beſt Method ue trying, i. be wet 5 
3 275 common, of Bodies, What, i. G. Of Mas . 
. i $ u. Several, of „ . 4a, 43 n | 
Of che i. £26 Several d . 
Fe . 2 16 50. See Rai 
: 2 or oye wha 5 
A 10. 


yſtem of tlie orld, ; what in. 87. 
19 ts, aerial, | nat, l. 22ʃ 4 
ii. 229. 


Pump, common, Effect of, Wa ws des od. 
. of ane in.Glaſs, ibid. 3 Al for, ii. 54.8. n. 
Forcing, Conſtruction of, ii. Lifting, how 

6 Kabel, f. ibid. a ee a 1 one de- 

57 n. Ei excellent ons. os Facts, 
n. 65 n. Greateſt Height, a ſingle ane will raiſe 24 
ter by a Piſton, what, it. 67 n. "wg <7 
Horſes. . 26 u. Bal e * 
bries, ij. 75 n. Ealy by li. 7.5 u. 

Os People, to what owing, iii . 39 Peculiari- 

ties in, iu, 40. 

5. deſcribed, II. 12 $ n. Table of Expaziion 

of Metals ſhewn by, fi. 126 n. 


Pythe can or Copernican . 97. n | 
F Ph. woes 


5 Uadrint of Al . in. 
2 ih, 8 57 1 2 ah 


2 "Raink ; ron 12 


rent AﬀeFtions of this 
* Br 


4, 7.0. 40 


what, 1. 
ie, Bono oh n. * 
ii. 


DE, ok on > which this 
y 3.P; Fa, ü. 2 


Ip he: Rn: : 


6 ibid. N 


force 


N . 
. S 
d 5 
U 


* 


15 53 n. en 


as a Circle to . _ 
| Zo_ of r | 2 


5 


1 ocatin 
Redupls cats 1 


E 20 Into of | 
ed —— i 2 accounted for, 


— 


it.. r 


 Refrancibiliy of FE Sun's Light 3 3 « 


33. n. Of ſeveral in 


; tration, Tay. a. . 
Ref 


itutive Force of a 


1. \ 
late Al, 8 K. 2 7 


amel. Rope 6 


t- 


. Bi af ee neee * «63,212 = 1 
= Notation, diurnal, of the Earth, ii. 997 n. 
3 Neue Mr. his large Qrrery iii. 16808 u. 
23 |  Rowning, Mr. ee of th the ha waar wart 
: hi. 128 n. 9 x + Wie TAR EF 
Rule, general, concerning Powpy fro 
ii. 54 n. For finding the focal Diſtances. ak, conyex 
and concave Mirrours, iii. 27. — 1 uni - 


8 2 344" * 2 1 ASA . 


6444] >; % Wy g. 5 7 


. 


Als of A Wind-Mill, in | the Form of elliptical der- 

tors, ii. 21) n. Beſt Poſition, mg i. * 4 rr 

| | &c. of, i. A20:Ne ward 5 

E- - Sailing, the only true Way of, TA 206 One et 2 K 

1 Satellites of Jupiter, Times and Diſtances of their Re- 
volution, iii, 120 & ſeg, Firſt diſcovered by Gali- 
e ii. 123 n. Phaſes of illuſtrated, iii. 124 n. 


Revolve about their own. Axes, ibid.. 4 Noble Prob- 
ems ſolved by, iii. 125 n. 


* 2 


Saturn, his five Moons and Gependlbun Ring de. E 

1 ot ſcribed, UW. 124. Different Phaſes of e 0 lit 
5 | I2 . an b.- Ai colds V 
| 2 Captain, ee, of bis Fire-Engins, f ii. 74 n. 
Scale diatonic, of - Muſick, What, 1 bs Ad ot, 
Screw, what, i. 166. Force of, i. 173 u. «4px a 

Aer s, for railing Water, derided, 1 ii. 66 man 

Sen, What, ii. 283. 51 ee 1 8 2 2 5 
" Sea: e, 0 ption of, ii. 1 39 n. How = ibid, 
„ 141 n. 


Seaſemt, ! of, 3 ik 198. Varis „ 
peaxances of, ; how: cauſed, ii. 179 ſſeg. Shewn 
by the Are „479 e. N for by 
the Earth's Motion ig its Seht il. 286. gk 
7 of the human Eye, iii, 27 n. er 5 
Semitones, tec Scale ol Muſick. i enen W 
S. mie tychonic yo, What, 2 "ene % Web 19d 


Shadow, dark, how eſtimated, iii 198, n. Partial, ſee 
PTT 0 £1:.4i-ad7: anda 

+; Sharps, Jee Tunes or adi: «mb Yor waa 

Sor l /ig bed, ee Pebiiad, 121 1 620]; herat . 

Bus. ita WIA, i. © . 7% WoL n Kn 
|. ok Tx | bing 


* 


e 


. PT 


a 7 1 i 1 4 | 0 
Slates: Dr. his renakabl Experiment 3 produce ir | — 
| VL UN. 115 N. 1 2 5 43 Ib 36 WES. 75 ; ö l "IM 


Smith, Dr. his catoptcic Mi ſcope, iii. 81 Tha A kr 
Solar Syſtem roved to. be true, it. 129, 174. 
and Microſcope, ſee Teleſcope and e 
E accounted he L 33.0 e boca „ 
Solid, What, i. 6. N bh is \ 4 Trad 41 you. . 
Balidity,, what, 1 ls 7. x4 af - , 
Solftices or Solftitial Points, whos 5. — es = 
. Sounds, what, ii. 215. How propagated, ibid. 1 Sy 1 
1 Phænomena of explained, its 225 n, &-/, I 
iſtinction day 8 ii. 231. - Utmoſt 2: ut 
What, i 232 1 2 ü. 293: Ez 
dible, ii, 2 2 elocity of ii. 
236 n. 233. of different Lfiimates of, il, 237 u. 
Motion of equable, found by various 
i. 237 n. Table ſhewing it, ii. ü. 308 n. Accelera- "NF 
don of, depends on the Wind, 1 I. 249 n. Single, —_— 
ſee Echo. . - : * 
N bow it agi dee de Air, ii. 232 2 u. ; Et = 
2 Gravities, Table « of, i. 290 n. e. i 
petracles, concave, Uſe of, Ui. - x . Convex, Advan- 
tages of, ni. 41. Common, Fault of, iti. .398. 
Difference between them and vilnal Glaſſes, ni. 400. 
| Sperulum, convex. and concave, i iii. ys eqn Curious Pro- 
perty of, iti. 9. 144 , 
1 Property of in Glaſſes, i. 17 n. of Attraction ; 
aved-by Experiments, i. 22.0 - Archimedes; de- 
- + ſeribed by Claudian, iii. 26 n. 
e . > thy Parallel, what, iii. 2 


m. 265. Projection df in Plano, * 
n . . 12 ; e : 


2 D | 
Spirits, DE ing 
| Spots in the Sun firſt rr 7 0 
Some of e f 
283 3 ä artes 


wy 


. N " 
Lee, Ii, iI un. 


112 n. 10 
to that _ © Birth, u | 


6 1 
* # % g Pad \ * 


N | A 
7 1 * wi 7 9 7 
g 3 Os . 55 1 A 
SIG. 27% VG I 
1.. 2 3 N. - >" 5 SING} iN 
* L oS " A . a 


Springs (8 ſu pplicd with Water, 1 1. ITN "To pe 


_ owing, K. 9. See Famiains. - 8 
ciprocating, accounted for, ii. 11. „ 


| formed; ik. 15 n. Three Sorts of, B. 16 n. Re- 
©." eiprocating, how produced, ii. 16 n. Odd Phano- 
menon. of accounted for, ibid. nnn ac- 
.. counted for, ii. 17 n.. 
Standard, univerſal, of Meaſure, ; wha, „ 24 is - 
Star, riſing or ſetting coſmically, what, M. 260. Riſ- 
ing acronically; what, Ibid. Rifng and fetting he- 
mea, what, iti. 261. Why appear and di » 
ni. 262 n. Fixed, Diſtance ef, H. 20g. . 20 
Maghltudes, to what owing, i. 264 n. ous, 
_ what, jbid.  Twinkling of, e what owing, in. 265 n. 
Small . apparent Motion of, ibid.” To what 
Steam, Vater raiſed by, ii. 748. Nene of, k.q6n. 
Steel, Manner of hardening, i. 99 n. 
. n called,” U. 446. Struture 
| explained, ii. 247 
Streegraphic Projection of the Sphere, what, u. 508 a. 
Strait, what, ili. 284. 
© Strings, muſical,” ii. 35 Elaſtic, the Motion and von : 
of acconnted for, it. 255 n. See Fibrations, 
" Subterranean Phenomena accounted for, l. $i oy 
-  Sacking Pump, the common, 3 OY 5 
Summer, Middle of, when, iii. 189. 
"Hun, Revotution about irs Axis devermined,) i. 0 n. 
Demonſtratiye Proofs for ies being * of the 
true Mundane Syſtem, iii. + Nearer the 
"Earth in Winter than ag. 1. 145 n. Appa- 
rent Motion quicker, id. of, how calcu- 
lated, W. 192. Times of e 
termined; H. 228. e 
Earth, il. 1 186 3 : © IL of 
erfigess, what . 2 "4 55 * 
$55 N 12 Moon. 2 : —— * {4 - F 


0 


1 


a 1 d ab 
9 in. 2 
Capillary; Phamomenon of accounted for, i. 35 n. 
F Ol the World, thice 
eclebrated ones, ii. 96: Solar, trus one, what; iii. 
188 f. Recommends itſelf from right Reaſon, | 
m. 130 u. Demosltratively proved by the Conjunc- 3 
, tions of Mercury and Pers wuh-the Sun, i142, 
| n By the Conzunctions and Oppof tom of 
Mars, Jupiter, and rat Mi. 134. By the great- | 
eſt Biadgstion of Mercury ant Hemm, Mi. 137. Fur - 
tber Proofs of; ii „ p44 W 


| ſent by the G, i ui 


4 
x g 1 # "2. 2 


T 


oe gm pain 22 


Bodies, i. 20 n. Qt Experiments on wious Fluids, 
2 Of Pewers in the Lover, i. 179 n. Of corre- 


Wo > 9 for pogo of 3 1.226 u. 
pecific Gravities, i. 290 . _ 
Dun Jets riſe, n. 2 n. pm os 


88 | — man 2 m. 
Bree Heat —̃ — 58 
h u. 185 n. Of the equable Motion of Sound; i. 
Boa "Of difdnfuiee, Bk 250 11 Of the Longitude and 
Latitude df a Came, it. 218m. ' Of the Couſtel- 
aue, i257 & fg. Of Ares of che Meridian 
do the Spheraid in Minutes of ay 5 
203 n. 


. 
2 what Kind of Syphon, and why ſcaled, © 


| Ares ne Echoes, ik 194 
g T Mar. — — of, 174 42 Fx Renting, | 


54. Common Impeefottion of, ” 
_ what owing, Bi, 5 f Pog Refradting, Rite "of 'z 
concave Eye-glaſs inſtead of a bonvex ohe, wha, ii. 

. $6: W n 


Conſtruction of, ibid. Power of 
the 


Mo cos ) 


Oe * 


. 
„ WIA 


1 N DE K. 


60. Galilæan, what; ili“ 63. Cata-dioptric or Re- 
flecting, Excellence and Vechaniſm of, iti, 64. Ae- 
rial, hy ſo called, iii. 65 n. Brightneſs of an 
Object in, what, iii. 68 n. Huygens's Table cal- 
culated, of, i. 71 n. Gregorian, by Sir Iſaac New- 
kon, ii. 76 n. Catadioptric, Power of magnifying, 

iii. 77. Solar, what, ili. 84 n. How uſed, ibid. 
A new reflecting one deſcribed; 369'& ſeq. © 

Thames, Quantity of Water paſſing daily rough, efti . 

_ - ted, 23.07 

Thermometer, what, and erotica 4 v6. Its 
- Uſes, ii. 181 n. With Spirits of Wine, ii. 181 n. 
With Linſeed- Oil, ii. 18 2. Of © Farenheit deſcribed, 
ibid. Curious, ConſtruQtion of by the © Earl of Ca- 
vendiſb, ii. 187 n. 

Theory of the Sails of a Wind-mill, i. 220 n. Of 
Wheel. carriages, i. 229, 235 n. Of Pump- work 
demonſtrated, ii. 45 n. Of the Tides illuſtrated, ii. 

91. Of the Compound Barometer, ii. 128 n. orf 

Wind -mills, ii 212 n. Of Bellows, 217 n. Har- 

mondical, rendered more general, ii. 216 n. Of Light, 

zi. 270 n. Of Heat and Cold illuſtrated, ii. 282 n. 

Of compounding and decompounding Colours, 1. 
363 un. Of Viſion, iii. 27 n. Lunar, explained, 

. 349 %. Ot the Sun, Earth, Jupiter and 

rn, ili. 356. Of a new Micrometer, ili 37 — 5 

Thunder and Ligh tning, how cauſed, i. 37 n. 

- - Tades; Theory of, ii. 91. Of Flood and Ebb accounted 

for, ii. 98. Autantnal, accounted for, ii. 96; Ver- 

| I nal, accounted for, ibid. To what aſcribed by the 

Ancients, ii. 98 n. Phenomena of, r ee to Ex- 

perience, ii. 100 n. 

Time, what, iii. 222. Meaſured by the Motion of the 

i heavenly Bodies; ibid. Subdiviſions of, iii. 223. 
Britiſh, Account of, iii. 240. The — b 
uſe not ſufficient; and why, ibid. Equation of, how 

3 Wfiadey 51 All. 2:35. r > — __ 24 
turai Body in. 28. 

Tosa why ſo called, Wen- „0 a2 

+Torricelian J acuum exhibited, i. - 7 ef 2 Tube and 
Experiment hat, ii. 2 e eee 

Lortid Ze e 2 990 xvi A&A 22 


03 Os, | _ Trade- 


NN 3 1 2 2 . PITT are 
R "PIECES 9 8 8 * rn 
4 ; — hs 559 * 5 $1 * . * 
932 + 2 - 1 x 4 £55 * * It 
/ 125 3 8 1 + 4 * 3 
7 Was g 1 4 = CS bf * N - wh 
; SAS a 8 
$74 Io * * 7» : 141 2 
TL gs — 2 * f EA * 2 Ky 5 "8 
3 ? * * BARE”; 
1 £ OS 
i* * * 


Y * * N. A 5 i — 4 DES 1 a J 1 5. 2 * 
4 \ Boy RG. 3 „ 8 OY ; 
fe ; 4 f 4 3 1 - 1 1 þ . 5 2 . 
„ N wt 
- n 28 * d $ - 4 * - 8 hs i , : 8 1 
# * {4 1 45 x q 4 = 
Tradt-Winds, — of ferent Seas. 
„hy the F i. 309. 


3.10 al 
Tranſparent Bodies, «what, i 11. 200% 407 545; af 


7: P * 


Triewald, Mr. Martin, his Form 1 x Divin ng-bell, 
179 n. His Water-bellows, ii. 219 . AR 
Triplicate Ratio, what, i. 7 wa ä ng 

Tropics, whary: Mi. 17. 7 


Trumpet, Speaking, Nature — accounted for, ii. 242. ; 
Tony Phenomena of capillary, aecounted for, i. 23 1. * 
llary. Torricelian, what; ii. e e ä 8 


ter raiſed in by a Weight, i. an. ff]. n : 


Tune, derived from aerial Pulſes, ii. 250. = 
Twilight, what, iii. 183m, 7 
Twinkling of Stars, to what owing, Kc 265 a. N | 
Tychonic 8 Syſtem, what, iii. WT SOPs WOO. L 
Tana: what, ils 43 Debit} Berndt Arm Wl r 


„ t e ee a; enn wolt - ee 
FT Acuum, Argument for, i. 9 n. 8 Deniers. of 
deny Motion, i. 11 n. Abſurdity of — Cartes's 
| Prada ibid. Torricelian, exhibited, i. 1 On 
the Air-pump, 15 22x22?! vid 


 Vawes, the beſt for ii. 55m: TE . Nen 


Variation of the Needle accounted: ber 44-06) Dr. | 
Halls Hypotheſis, ibid. & h. | 
Vapour, Quantity of, ales eee by. Heat, 
ii. 12 n. In the Mediterranean and Thames, Ii. 13 n. 
Driven by the Winds to the Ridges of the M dun- 
tains, 1. 14 n. The Matter, of all Meteore, is ab 
'V cgetation accounted for, i. 35 e e eee 
e Motion, what; i. 91. Of a Fet 4 Zan de- | 
m zted, ik. 25 n. Of the Wind, ii. 210 n. 8 
Kenl, of Sound inveſiigated, ü. 11236 n. Miſtake of  _. 
the Academia del Cimento, ii. 2:38 n. Greateſt Diffe- 
rence in, 240 . Stupendous, ol Light, l. — . 
Vu, Account of, ili, 1 Arfeatancs of in te BE 
N to Anfoltds er 25 _— 
75 ernal Tides, why Rrongeſt. ii i; 962: AW IS YM 
. Vertical Circles; fee Aim. | 
4 ibrations: of a Stting, what, ii. a5 n. N I 
Millet, Mr. his Mirrour, ii. po grit Bend | © 
Viſa, how formed in the Eye, ii. 26. DiſtinR;.near- 1 
3 what; iii 31 .. Limit for in 
| remote 


„ 
2 8 i 
PL. Eb * ER» Be. | ; 
ed & 7 ** FE, 8 N A 5 * 
5 . 1: 7 i 4 * 
3 2 12 $ 5 $3 * TE: . IA 
3 2 by * * 8 2 3 4 5 = L 
# N a 1 * *> 2 4 5 
; . 5 a 0 ; Ay 1 
* 
« e # 


- . e 
{MEN 725 r POL. 
78 Gee: 5 
IR 8 N * N 
* 8 a Bs 


Kr 
"OE 


n. 2 c ee what 


—_ -. = 0 cle to, iii 
va _  epdfcvopes a Tele how increaſed, ii. 
3 | 386. Promoted by © Compolition of Glaſſes, ii 
„5 of Matter, 8 i. 11. Ariſe bon its 
- Slugpikneſs,' not Gravity, ibid. : 6 
 Unjverye, whit, 5. 95 n. AS N 
Voce, puſſing through a Tube or Trumpet, avgmented 
by FER, ils Ar a6 wo - 
W 4 
72 V ſtches and Clacka, the Power af, i. * Mes 
- =”. cbaniſm of the Parts of, i. 190 n. C ſeg. 
Water, how made a Standard. by the Hydrometer, i. 
286 n. How conveyed to Springs, ii. 5. Motion 
of in Rivers and Canals, to what Swing, i. 7. RY- 
. ing in Wells accounted for, ii. 17 n. & fog. Me- 
| chod of raifing by Heat and Cold only, A. 68 n. 
1 How raiſed by Steam, ü. 74 n. The Forces of Sun 5 
J and Moon for miſing, u. 102 n. Pro- 
2 _ digious Rarefattion of, ü. 91. Elevation of by the 
E Moon, Z. 1100. 
* Mater- Bello wa, new invention & by Mir, Tine, 
I 1; deferibed;. M rage... 020 4; 
£ — Engine, fee Newfum and. Eagan: a ietotl 
2 ele e#95enry Parts of, i. 206. Mechaniſm depending 
4 on ſeveral Princi ples, i. 207 a. At the Bar- in 1 
3 | L - -Warwichſbire, \ 1: 208 n. Calculation of the ſeveral ; 
4 Parts of, i. aog n. & ſeg. Ladle-boards on the | 
. _ Wheel the 2 . A - n. 
bY Woe or Pale uf Air, — aaa... 


Wedge, what, i. 266. 'Pawer of dewonkroted, i. nn. 
- Height, abſolute, of Bodies, hat, L 84 n. * feq- 
Relative, what. i. 85 n. 
Wells, Riſe of Water ia, actorntcd for, fl. 17 à. 
Depth of, analytically inveſtigated, ij. | 2446 5 N 
2 and Axle, what, i. 165. Partierlas of, i. 11. 
Ladle. board on, i. 212 n. How conſtructed, ibid. 


4 


fon, Vir. his Solar Sy . 
|  Whitencſs, what, 1 ü. 364 n. „ F 
ind, what, ii. 200. — of 5.291 n. How 6 
„ i. 200. Eſſects of, ii. 202. the * ; 
oY rid Zone ſets -i ty and how, 
Velocity of, various, ii. 210. Veda 5 
by Dr. Derham, ii. 211 n. Force of on the Sails of Sb 
a Wind-Milt com ti. 215 1. . 
= | ae Variation in the Tone of, ii. 2 
 #ind-Mills, "Theory of, ü. 212 n. Mechaniſm 
5 _ i. 219. Beſt Poſition of the Sails, i. 219. | 
| EE ry of, I. 220 n. Beſt Form and Poſition of, ac- 5 
5 bh N r | ö ; 
KH . Atmoſphere may be 


1 


